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TO  THE  RIGHT  HON, 


CHARLES   JENKINSON,   Eso. 

SECRETARY  AT  WAR,   AND 
OKB  or  ms  M ajestt's  most  qpnou&able  privt  council. 

SIR, 

Xf  I  ask  leave  to  inscribe  the  following 
work  toujour  name*  it  is  with  an  honest 
desire  of  taking  the  only  opportunity  in 
my  power  to  discharge  a  very  small  part 
of  a  just  debt ;  and  an  author,  who  is 
venturing  upon  a  new  path  of  science, 
may  be  excused  if  he  wishes  to  be  intro^ 
duced  to  the  world  under  the  auspices  of 
some  powerful  friend,  who  has  acquired 
more  fame,  and  is  entitled,  to  more  respect 
tJiaw  himsel£ 


To 


Vlll  OEDICATIOiT, 

To  the  honour  which  you  derive  from 
the  rank  and  antiquity  of  your  Family, 
and  your  own  many  excellent  qualifica- 
tions. His  Majesty  has  been  pleased  to  add 
that  of  one  of  the  highest  offices  in  this 
kingdom  ;  and  ypu  have  reflected  honour 
upon  your  office  by  a  faithful  and  diligent 
execution  of  the  duties  belonging  to  itt 
As  an  Englishman,  and  a  lover  of  pay 
country,  I  think  myself  under  obligations 
to  you  for  your  public  services  to  it  at  this 
critical  time,  when  able  heads  and  busy 
bands  are  so  necessary  to  its  preservation. 

All  men  are  witnesses  to  the  honours 
of  your  riper  years,  in  which  you  have 
passed  through  almost  every  department 
of  the  State ;  but  it  was  my  lot.  Sir,  to 
be  a  witness  to  the  prudence  of  your 
youth.  While  others  of  your  own  age 
were  wasting  their  health,  their  fortunes, 
and  their  precious  hours  upon  idle  and 
corrupting  amusements,  you  were  busy 

in 
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in  the  cultivation  of  a  strong  and  fruitful 
mind  :  you  never  lost  sight  of  the  great 
objects  of  your  education,  but  improved 
your  talents  by  an  unwearied  application 
to  every  branch  of  useful  and  ornamental 
learning,  and  prepared  yourself  for  ren- 
dering to  your  country  those  eminent  ser- 
vices, of  which  we  are  now  reaping  the 
advantage.  I  hiave  observed,  not  with- 
out sortie  wonder,  that  in  an  age  when 
calumny  is  become  a  traffick,  and  official 
dignity  is  thought  to  be  synonymous  with 
guilt,  it  has  been  your  peculiar  felicity 
to  stand  uncensured,  as  if  you  were  sus- 
pected to  be  invulnerable. 

Perhaps  I  may  seem  to  be  in  need  of  an 
apology  for  presenting  to  a  Gentleman 
engaged  in  the  duties  of  the  War-office,  a 
Treatise  on  Philosophy;  a  study  more 
nearly  related  to  the  goWn  than  to  the 
sword  ;  but  I  need  not  remind  you,  Sii:, 
that  Philosophy  is  a  mistress  of  arms  as 
4  well 
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Sr  Introduction^ 

if  the  great  question  is  determined  concern- 
ing the  Nature  of  those  Causes,  or  First 
Principles,  which  are  established  by  the 
Creator  in  the  Constitution  of  the  Natural 
World. 

,  The  in  g^TtiibtisAutlK>r  of  obeof our  modern 
Systems  of  Philosophy,  objected  to  the  use 
ef  the  terms  First  Principles y  as  if  I  bad 
feeen  guilty  of  an' ifflptt3»priety  in  the  Titleof 
my  work :  but  the  expression  is  allowable, 
and  se^mQd  to  .convey,  my  meaning  better 
than  any  blhier  I  coiiltl  fiiid.  It  waSUse^d  by 
Pr.  jDesaguliers,  k  writfer  well  skilled  iA  ex- 
perimental philosophy;  and  his  ♦Qfdi^  Atfe 
.cited  in  the  course  or  my  \^ork*.  **  Attrac- 
tion an'(A  repulsibh,"  say s  hfe,  *' sieem  ttt  b'e 
settled  by  the  great  Creator  d's  tiR§4'  l^ikiis^- 
ciPLES  in  Niature;  niat  is,  as  tllfe  Jifsi  iyf 
second  causes.'^  l^bw,  as  my  ctesj'gh  iJi  that 
work  wdis  io  demonstrate  the  us6  of  Sfectf  Ad 
Causes  in  '^Nature,  and  to  point  but  tkoSte 
which  have  the  first  place,  1  tbbk  th'6  wtt^ds^ 
in  the  sairie  sense  in  which  they  h^^  bfe6n, 
used  by  )l>i\  Desaguliers,  and  caJiidl  taiy  • 
treatise  Aft  Essay  oti  't\ie  Pifst  P)rificiphlSy 
that  is,  on  tJie  first  of  those  )SeCond  Cauie& 

^  Oxford  EdTit,  p*  65.'        Dublin  Edit.  p.  (Ss* 


thereby  we  endeavour  to  account  for  thft 
T)perations  of  Nature. 

Every  author,  when  he  sits  down  towtit*/ 
Wishes  to  give  general  satisfaction :  but  to 
please  all  readers  in  a  subject  of  such  deep 
inquiry,  and  concerning  which  there  always 
have  been  different  and  contradictory  opi- 
toiohs,  would  have  been  a  hopeless  undertak- 
ing. It  was  justly  apprehended,  at  the  pub- 
lication of  the  work>  that  a  treatisie,  pre- 
suming to  interfere  with  the  very  founda- 
tit>ns  of  Philosophy,  liaising  questions  about 
Causes  supposed  to  be  already  established  and 
explained  as  far  as  they  could  be,  and  pro- 
ceeding on  Principles  new  to  some^  and  eit- 
ploded  by  others,  could  neVer  make  its  way 
without  some  interruption.  The  author^ 
therefore,  prepat-ed  himself  for -the  M'^orst; 
land  gave  up,  at  the  first  step,  every  prospect 
of  ptipular  encouragement — a  sacrifice  which 
fevery  man  must  be  ready  to  make,  who  thinks 
he  has  any  thing  great  and  useful  to  propose; 
^ecially  in  an  ag6  more  addicted  to  the  airy 
amusements  of  the  fancy,  than  to  the  se-^ 
rious  and  painful  disquisitions  of  solid  leara-- 
ing.  However,  I  had  the  satisfaction  to 
find,  after  waiting  for  several  years,  thfetal-^ 
though  some  observations  have  been  offered 

bS!  to 
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to  mcf,  of  which  I  shall  speak  hereafter,  no- 
thing has  been  advanced  that  affects  the  ge- 
neral plan  of  the  work ;  and  that  it  has  been 
attentively  considered  by  readers  of  capacity 
and  candour,  both  at  home  and  abroad- 
Having  observed  very  early  in  life,  from  a 
few  obvious  examples,  that  great  effects  are 
.produced  in  Nature  by  the  action  of  the  e/e- 
fnents  on  ojie  another^  I  was  so  much  encou- 
raged by  the  apparent  usefulness  of  this  prin- 
ciple, and  so  soon  convinced  of  its  import- 
ance in  the  several  chief  branches  of  Natural 
Philosophy,  that  I  determined  to  pursue  it 
as  far  as  I  should  have  light  and  opportunity; 
and  to  examine,  to  the  utmost  of  my  ability, 
whether  the  same  powers  which  obtain  so  evi- 
dently in  some  cases,  might  not  be  extended 
with  advantage  to  others — that  all  philosophy 
might  be  reduced  to  one  simple  and  universal 
law,  the  Natural  Agency  of  the  Elements. 

But,  how  pleasant  soever  this  inquiry  might 
be  in  the  prosj)ect,  I  found,  by  degrees,  that 
there  were  many  great  difficulties  in  the  way 
to  discourage  me  in  the  prosecution  of  it. 
For,  first,  it  was  generally  believed  by  learned 
men,  that  a  Vacuum  had  actually  been  de- 
monstrated by  our  great  Newton ;  and,  con- 
sequently, that  no  powers  were  to  be  admit- 
ted 
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ted  in  Nature  but  such. only  as  were  consist- 
ent with  that  principle.  It  must  be  allowed^ 
that  this  celebrated  author,  by  the  help  of 
numerous  and  judicious  experiments,  settled 
all  the  laws  of  communicated  motion,  com- 
puted the  resistance  of  fluids,  dissected  the 
subtile  body  of  the  light,  and,  with  inde- 
fatigable industry  and  sagacity,  discovered 
certain  constant  and  regular  effects,  to  whicli 
he  gave  the  names  of  Attraction  and  Repul" 
sion,  and,  by  the  most  profound  skill  in 
Geornetry,  demonstrated  the  proportions  of 
thdse  effects  in  almost  all  possible  cases,  and 
shewed  by  experiments  how  the  phenomenfi 
of  Nature  agree  with  his  calculations.  This 
is  his  philosophy,  which  .stands  upon  the  firm 
basis  of  I)emonstration  :.but  as  to  the  Demon- 
stration of  a  Vacuum,  he  left  it  in  suspense, 
as  we  shall  see  hereafter :  and  a3  to  the  Causes 
of  those  effects  above  mentioned,  he  ^.dvis^d 
future  philosophers  to  inquire  farther  into 
them ;  confessing,  in  his  latest  works,  that 
what  he  calls  Gravity  might,  for  any  thing 
:he  knew  to  the  contrary,  be  the  effect  of 
Impulse. 

He  therefore  did  not  believe  th^t  his  philo- 

iBophy  pripcluded  such  an  inquiry  ^s  that  pf 
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the  Essay.  But,  as  many  of  his  followers, 
and  some  of  his  readers,  had  seriously  taken 
up  such  a  persuasion,  I  foresaw  tliat  my 
proposed  investigation  of  Natural  Causes 
would  be  at  first  but  coldly  regfarded,  if  not 
absolutely  condemned,  as  an  undertaking, 
at  best  superfluous,  and  perhaps  totally 
groundless  and  absurd.  This  was  the  first 
difficulty  I  had  to  encounter;  and  it  was 
great  enough,  without  the  addition  of  a 
second. 

But   there   remained    another  difficulty, 
equally  formidable,  and  more  likely  to  de- 
feat all  my  endeavours;  as  rendering  it  next 
to  impossible  that  I  should  ever  get  to  the 
«ar  of  the  public.     The  Agency  of  the  Ele* 
ments,  the  principle  which  has  engaged  my 
attention,  and  to  the  study  of  which  I  had 
determined  to  dedicate  the  chief  labours  of 
my  life,    had  been  already  taken  up,  and 
maintained  in  a  manner  neither  acceptable 
nor  satisfactory,  by  Mr.  Hutchinson,  an  au- 
thor of  a  singular  cast,  and  under  a  state  of 
final  reprobation  with  the  learned  of  this 
kingdom ;  whom  every  scribbler  can  deride, 
-  and  every  incipient  in  philosophy  can  con- 
fute.    This  was  very  much  against  me:  fw 

there 
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there  wantjed  nothing  to  render  all  my  rea;^ 
sonings  abortive,  but  tq  represent  nie  qs  a 
follo\yer  or  favourer  of  Mr.  Hutchinson. 

To  get  over  the  first  of  these  difficulties,  I 
thought  it  was  my  duty  to  examine  inrpar- 
tially,  and  theii  to  represent  as  faithfully  as 
I  could,  the  true  state  pf  the  gu^stipp  ;  and 
to  ffive  as  much  weight  as  should  bQ>found 
due  to  all  the  experiments  and  doctrines  thaijt 
were  supposed  to  militate  against  my  pro- 
jected inquiry  into  the  Agency  of  the  Ele- 
ments. This  gave  occasion  to  the  prepara- 
tory work  I  have  already  mentioned^j  wlaich 
I  called  An  Essay  on  th^  First  Principles  of 
Natiiral  Philosophy.  Its  object  was  to  con- 
sider, 1.  The  Mechanism  of  Nature,  and, 
under  this  head,  shew  the  insufficiency  of 
the  objections  which  had  been  raised  agaifisj 
the  doctrine  by  Dr.  Clarke  and  other  learnecj 
writers:  to  shew  how  motion' ^light  consist 
with  a  Plenum,  or  space  filled  with  fluid 
matter :  and  to  prove  yet  farther,  from  ac^' 
tual  observation,  that  the  presence  of  resist- 
ing Matter  was,  under  ceitain  circumstancesi 
not  an  obstruction,  but  even  necessary  iu 
itself  to  preserve  in  bodies  an  undecjiying 
motion,  a.  To  shew,  that,  so  far  as  unme- 
i^hanical  causes  had  been  prppp^ed  to  answei: 
B  4    ^  the 
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the  purpose  of.  first  principles,  they  wero 
neither  well  understood  by  those  who  had 
espoused  them,  nor  capable  of  being  ex- 
plained from  the  nature  of  them :  that  it  was. 
Bot  determined  whether  they  were  properly 
causes  or  effects,  material  powers,  or  imma- 
terial ;  for  that  some  learned  persons  had  in- 
clined to  one  side,  some  to  the  other;  and 
that,  if  considered  as  immaterial,  neither 
experiment  nor  geometry  had  demonstrated 
them  in  that  capacity.  3,  To  produce  some 
positive  proofs  of  a  matter  in  the  heavens, 
and  that  there  is  a  subtile  medium  in  the  pores, 
of  all  bodies;  with  some  examples  of  its 
action  and  power  in  producing  the  effects  of 
cohesion  and  repulsion.  4.  To  shew  the  rea^ 
soiiableness  of  an  impulsive  Agency  in  Na- 
ture, from  the  general  attestation  of  antiqui- 
ty, both  sacred  and  profane;  and  also  from 
the  judgment  of  some  of  the  most  eminent 
scholars  among  the  moderns.  To  these  four 
Books,  an  Appendix  of  Papers  was  subjoined, 
to  carry  on  and  illustrate  some  points  which 
had  been  started  in  the  course  of  the  work. 

Important  as-  many  of  the  questions  are 
which  came  under  consideration  in  that 
Essay,  I  never  met  with  any  thing  worth  my 
UQtice  against  it,  in  print  or  iu  ma,nuscript, 

for 
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for  several  years.  As  the  subject  was  seldom 
long  out  of  my  tnind,  I  took  an  opportunity, 
when  I  was  abroad,  of  trying  how  it  would 
appear  to  two  learned  gentlemen  with  whom 
I  conversed;  who  being  divested  of  English 
prejudices,  and  strangers  to  my  name  and 
labours,  could  be  influenced  neither  by  fear 
nor  favour.  One  of  them  admitted  the  truth 
of  what  I  proposed ;  saw  the  reasonableness 
and  reality  of  an  impulsive  agency;  and  de- 
clared he  thought  the  time  would  come  when 
it  would  be  generally  admitted.  The  other 
insisted,  that  the  fame  of  Newton  had  given 
such  weight  to  a  contrary  opinion,  that  men 
would  never  listen  to  this,  neither  could  ho 
himself  be  inclined  to  it. 

Of  late,  some  gentlemen  of  Cambridge^ 
whom  I  have  reason  to  honour  for  their  learn- 
ing, while  I  cannot  but  esteem  them  cordially 
for  their  candour  and  liberality,  have  consi- 
dered the  book  with  the  attention  due  to  the 
importance  of  its  object.  From  their  learned 
criticisms,  I  am  convinced  of  what  I  was  al- 
w^ays  forward  enough  to  believe,  that  the 
JEssay  has  not  only  its  inaccuracies,  but  some 
errors  which  occasionally  affect  the  argu- 
ment, jnd  also  some  positions,  which  are 
either  precarious  from  the  depth  and  difficulty 

of 
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of  the  subject,  or  stand  in  need  of  a  farther 
explanation,  which  it  is  partly  the  business 
of  tlie  following  work  to  give ;  and  there  is 
unfortunately  added  a  false  .calculation  from 
an  error  of  t'\e  press,  without  any  notice 
given  of  it.  All  these  things  I  take  to  my- 
self as  the  writer  of  the  book ;  but  at  the  same 
time.  I  must  say,  in  justice  to  the  cause,  that 
the  remarks  take  the  defensive  part,  and  that 
I  find  nothing  to  invalidate  the  leading  prin- 
ciple of  the  work.  I  rather  find,  ths^t  the 
agency,  for  which  I  pleaded  twenty  years 
ago  as  an  adventurer  in  the  argument,  n 
now  better  understood,  ff opj  the  progress 
which  has  been  made  since  that  time  in  the 
experimental  knowledge  of  the  elements  ; 
and  I'Vjenture  to  predict,  that  it  must  be 
more  generally  admitted  by  the  learned, 
when  it  shall  have  had  the  good  fortune  t9 
have  been  farther  considered. 

By  ^me,  who  were  less  liberal  in  their 
manners^  and  sentiments,  and  pronounced 
too  hastily  upon  the  case,  without  appearing 
to  me  to  have  taken  due  pains  to  understand 
it,  it  was  given  out,  soon  after  the  publica- 
tion of  the  work,  that  I  had  only  revived 
.th^argunients  of  Leibnitz  against  Dr.  Clarke; 
jSmd,  consequently,  that  what  I  had  advanced 

had 
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had  been  already  refuted  long  before.     But 
any  person  wjio  compares  the  matter  of  the 
Essay  with  the  controversial  papers  of  Mr. 
Leibnitz,  will  find  that  I  had  no  assistance 
from  his  arguments,  and  th^^t  I  have  no  con- 
cern with  the  fate  of  his  system,  which  sa-r 
vours  too  much  of  metaphysical  temerity  to. 
recommend  itsplf  to  my  ta&t^.     Ti^e  great 
arguipent  for  4  vacuum  from  the  "ois  inertm^ 
and  the  resistance  of  fluids,  urged  by  Df.^ 
Clajrke,  received  so  weak  an  answer  from  th?it 
celebrated  mathematician,  that  he  was  evi- 
dently perplexed,  and  knew  not  how  to  get; 
Qv^  the  difficulty,  which  he  rather  evadea 
than  attempts, to  answer*.     But  this  gr^pi; 
objection  to  the  agency  of  impelling  flyidc^ 
is  taken  off  in  the  Essay,  by  the  introductiaft 
of  a  very  easy  distinction,  illustrated  witfe 
a  few  plain  facts,  which  shew,  that  if  the 
argument  is  taken  in  that  general  sense  fcwr 
which  it  seems  to  have   been  intended,  it 
proves  too  much :  for  it  supposes  a  case  to 
be  impossible  in  Nature,  which  really  hapr 
pens  in  all  the  instances  there  produced;  at 
tbe  reader  may  see,  if  he  will  give  himself 

tb? 
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the  trouble  of  recurring  to  them  *.  Tlie 
facts  I  allude  to  are  given  as  so  many  actual 
examples  of  an  unresisted  motion,  from  an 
impelling  fluid  in  a  resisting  medium :  the 
most  palpable  of  which  is  a  machine,  moving 
on  the  principle  of  the  smoke-jack,  carrying 
two  lights,  which  begin  to  move  of  them- 
selves, and,  consequently,  retain  undimi- 
nished the  motion  they  acquire.  The  in- 
strument was  taken  from  the  Entretiens  Phy- 
siques of  Pere  Regnault,  where  I  found  it 
introduced  for  the  trifling  purpose  of  giving 
an  alternate  motion  to  some  magnetical  pup- 
pets, by  means  of  two  lighted  candles  in  a 
pair  of  scales.  The  form  of  the  instrument 
was  altered  in  such  a  manner  as  to  accommo- 
date it  better  to  the  subject  to  which  it  is  ap- 
plied in  the  JLssay. 

The  argument  to  demonstrate  a  vacuum, 
is  built  (as  mathematicians  well  know)  on 
this  observation  ;  that  all  fluids  resist  a  mov- 
ing body  in  the  direct  ratio  of  their  densi- 
ties. The  body  communicates  to  the  fluid 
the  motion  it  had  received  ;  what  it  commu- 
nicates it  loses ;  and  a  body  which  continues 
to  lose  its  motion,    must  in  time  lose  the 

whale, 

♦  See  Book  i.  c,  5. 
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whole.  But  if,  on  the  contrary,  it  does  not 
appear  to  lose  any  of  its  motion,  it  follows, 
that  it  must  either  move  in  a  vacuum,  or  in 
a  medium  of  no  sensible  density;  which 
comes  to  the  same.  This  argument,  which 
appears  very  strong,  is  applicable  only  to 
such  bodies  as  are  put  into  an  unnatural  state 
by  some  violence ;  as  when  they  derive  their 
motion  from  a  projectile  force :  and  it  would 
be  universal,  if  all  bodies  were  moved  on 
that  principle ;  but  when  bodies  are  moved 
on  other  principles,  another  law  takes  place. 
For,  let  an  impelling  fluid  be  the  primary 
cause  of  motion  in  any  moving  body ;  and 
that  body  will  then  meet  no  such  resistance 
from  the  same  fluid  as  tends  to  deprive  it  of 
Its  motion ;  it  being  impossible,  as  implying 
a  contradiction,  that  a  cause  of  motion 
should  resist  the  motion  which  it  causes. 
Now,  apply  this  distinction  to  the  machine. 
The  impulse  of  the  air,  rarefied  by  fire, 
against  the  vanes,  is  the  cause  of  its  revo- 
lution :  therefore,  the  resistance  of  the  otheir 
air,  in  which  it  moves,  is  of  no  account  as 
an  obstruction  in  this  case,  whatever  it  may 
be  in  other  cases.  It  is  true  that  the  ma- 
chine, as  it  revolves,  communicates  motion 
to  the  air ;  but  it  receives  more  than  it  com- 
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ittunicates,  and  thence  loses  nothing  by  tile 
communication. 

Air  and  fire,  by  the  eistablished '  laws  of 
Nature,  have  a  motion  of  their  own,  pri6r 
to  the  inotion  of  thd  machine.  The  motion 
does  not  observe  the  law  of  projectiles,  but 
is  contrary  to  it.  The  motion  of  projectiles 
is  from  more  to  less :  the  motion  of  air  and 
fire  is  from  less  to  more;  as  when  the  fire  of 
a  spark  increases  to  the  fire  of  a  whole  city  i 
or,  the  motion  first  excited  in  a  little  corn 
of  gun-powder,  gives  fire  to  the  whole  charge 
of  the  mine ;  in  which  cases,  the  motion  i's 
not  diminished,  but  increased  by  communi- 
cation. It  has  been  said,  that  if  the  resist^ 
ince  of  a  fluid,  arising  from  its  vis  inertio^^ 
is  diminished,  the  quantity  of  matter  must 
be  diminished:  but  there  appears  to  be  iand- 
ther  way  of  diminishing  the  resistance;  for, 
let  the  fluid  in  question  act  as  an  impelling 
cause  to  a  moving  body,  and  its  resistance, 
with  respect  to  the  same  body,  becomes  6f 
to  account :  it  is  in  a  manner  annihilated, 
and  that  without  removing  a  single  partictel 
of  matter.  The  like  is  true  of  all  floating 
bodies;  where  the  motion  of  the  fluid  con- 
ifcpires  with  the  motion  of  the  body:  for, 
H^hen  tiiis  happens,  the  body  moves  with  the 

velocity 


Velocity  of  tlM^^^ffuid,  vAtid  lose*^^  fliottiing  by 
€omfttuiiicatk)h.  Tht^  lifeme  wJU  hold  in  all 
other  cas^  <)f  the 'kind.  Iii  fluidi^  Mrhich 
have  a,  motion  of  thek  d^iti^  bodJen^  titid^ 
proper  ciixutti&tatices  will  not  lose  tfldtion, 
but  acquire  iti  If  the  matter  of  the  heavens 
has  a  motiott  of  its  own,  the  pkketS  Itril! 
Ihfence  derive  their  revolutions;  i^ifite^  rf 
being  retarded  by  it. 

As  it  was  a  practice  with  matiy  <*rritett  ill 
the  last  age  to  deny  the  existence  of  aitiy  fluid 
iniatter  mote  subtile  than  air,  I  tboiight  it 
hfecessary  to  consicfer  their  arguments.  This 
gave  occasion  to  a  import,  that  I  hifad  revived 
the  subtile  matter  of  Descartes,  whos*  hy- 
jprbthesiii  of  the  Vortices  had  long  be6&  out 
irf  riepute.  But  this  was  not  true:  t  hiad, 
indeed,  insisted  on  the  reality  of  a  subtite 
thatter ;  but  had  rejected  that  of  Descartfesy 
and  bad  taken  occiisioia  to  advance  what  I 
thonght  an  insuperable  ob^ectioh^  viK.  thaJb 
Itte  had  iiscribed  ia  motion  to  it  not  verified 
by  any  one  instance  in  Nature,  s6  far  as  I 
xchuM  thfen  perceive.  I  find  (though  I  could 
scarcely  think  it  possiWfe  undet  the  present 
itate  of  philosophy),  that  there  are  sottife 
teamed  inen  to  this  day,  who  are  strongly 
^saiBPected  to  tdl  subtite  mediums.     Thfe 
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learned  Spauiard,  Feyjoo,  several  of  wlios* 
pieces  have  lately  made  their  appearance  in 
an  English  translation,  offers  a  mechanical 
reason,  to  prove  that  all  snbtile  matters  must 
be  impotent  and  useless*  The  more  fluid  any 
matter  is  (says  he),  the  less  is  its  impulsive 
force.  A  stream  of  water  gives  a  less  violent 
gliock  tO:a  wall,  than  a  solid  body  of  equal 
dimensions ;  and  air,  a  much  less  than  water : 
ft  subtile  matter  more  fluid  than  air  would 
impress  a  weaker  impulse;  and  if  there  is  any 
matter  infinitely  fluid,  its  impulse  must  to- 
tally vanish:  therefore,  no  body  can  be 
moved  by  the  impulse  of  a  subtile  matter* 
This  looks  fair;  but,  when  the  case  is  truly 
stated,  the  author's  reasoning  may  be  in- 
verted. Fluid  matter  can  move  with  greatei* 
velocity  in  proportion  to  its  fluidity:  water 
jflows  faster  than  oil,  and  air  faster  than  waten 
A  stream  of  air  will  give  a  more  violent  im- 
pulse to  a  leaden  bullet  than  any  stream  of 
water  of  the  same  dimensions,  from  its  velo* 
city :  whence  a  body  of  infinite  fluidity  will 
have  infinite  velocity ;  alid  fcom  its  infinite 
velocity  its  force  will  be  infinite.  This  con- . 
elusion  is  contradictory  in  terms  to  that  of 
the  learned  Spaniard ;  but  it  is  much  nearer 
to  the  truth  as  it  is  in  nature.      Nobody 
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dbubts  but  that  the  matter  of  lightning  i« 
more  fluid  than  the  matter  of  air;  yet,  from 
its  velocity,  we  see  it  shatter  stone-buildings, . 
and  rend  oak-trees,  with  a  force  incompara- 
bly greater  than  a  column  of  air  of  the  same 
dimensions.  A  friend  of  mine  at  Cambridge, 
learned  in  philosophy,    expresses  the  same 
mean  opinion  of  a  subtile   medium;    and 
thinks  that,  if  admitted,  it  would  not  lessen 
the  difficulties  in  philosophy.     But  NcMrton 
certainly  did  not  reason  in  this  manner :  he 
thought,  that  gravity,  with  the  impulse  of 
a  subtile  medium,  was  a  lesser  difficulty  in 
philosophy,  than  gravity  without  impulse: 
why,  else,  did  he  propose  the  former  to  sup-  • 
ply  the  defects  which  had  been  objected  to 
the  latter?  It  is  asked,  whether  it  is  easier  to 
conceive  a  medium  of  so  great  rarity  and 
elasticity  diffused  through  all  the  planetary 
regions,  than  to  conceive  gravity  without 
impulse?'! must  say,  I  think  it  is ;  because 
it  will  always  be  easier  to  conceive  gravity 
with  impulse,  than  gravity  without  it,  even 
under  all  the  disadvantages  of  that  rarity  in 
the  medium,  which  it  is  now  no  longer  ne- 
cessary to  suppose.     But  to  these  disadvan- 
tages it  is  added,  that  if  we  introduce  the 
agency  of  one  subtile  medium  into  nature, 
vox*  IX.  c  w^ 


ffc  must  account  for  the  power  of  tfca*  oiuc^ 
by  mult]pl}dDg  Qther  subtile  matters  without 
end*  But  the  consequence  is  not  necessary : 
for,  if  we  keep  within  the  bounds  of  :aatiu^^ 
and  experiment,  the  proper  province  of  phy^ 
sical  disquisition,  we  shall  soon  come  to  m 
ne  plus  ultra.  Thus,  for  example-^a  barrel 
of  gun-powder  blows  a  house  up;  aixd  we  Bod 
that  gun -powder  is  a  solid  composition,  of 
nitre,  sulphur  and  charcoal.  How  must  WA 
account  for  its  effect  ?  If  we  go  beyond  the 
solid  matters  of  the  composition,  the  mi^erftl^ 
and  the  charcoal,  shall  we  be  obli^^  tQt 
multiply  subtile  matters  without  end?  Surely 
there  can  be  no  occasion  for  this. ,  Accord- 
^gly  we  find,  when  we  examine  farther^ 
that  the  explosive  force  of  gun-powder  isi 
Jfrom  a  blast  of  air  in  the  nitre,  expanded  by 
fire  in  the  sulphur ;  and  that  these  are  more 
suddenly  kindled  and  opened  by  the  media-: 
tion  of  charcoal.  Thus  we  understand  of 
gun-powder  what  philosophy  inquires  alter; 
Ye  discover,  that  its  force  is  no  quality  of 
the  solid  materials ;  but  that  these  compre- 
hend quiescent  air,  excited  to  action,  an^- 
expanded  by  fire.  Gun-powder,  with  fite 
and  air  to  give  it  force^ .  is  to  me  a  niuQb' 
lesser  difficulty  in  philosophy^  gs  well  as  ^ 
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more  satisfactory  objdct  to  contemplate,  thaA 
guii-]f>Ow^er  with  an  Immaterial  repulsive  vir- 
tue, that  is,  vith  ah  intaiigible  sotil  in  char- 
coal and  minerals.  And  thus,  by  parity  of 
reason,  we  must  think,  that  in  all  depart- 
hieilts  of  Nature,  an  effect  with  an  impelling 
cause  is  a  lesser  difficulty  than  motion  with- 
out impulse,  I  see  no  reason  for  inventing 
ether  isubtile  matters  in  succession  without 
fend,  to  account  for  thfe  motions  of  the  first. 
When  1  get  to  the  subtile  matter  of  fire,  it 
is  not  rtequisite  that  I  should  go  farther.  If 
y6Xi  should  asic  me,  what  gives  this  force  to 
fire?  i  must  answer  the  question  by  another; 
what  makes  the  sun  shine?  What  but  the 
power  of  the  Creator,  for  whose  pleasure  all 
things  wfere  created,  and  to  whose  laws  all 
i^ature  is  obedient?  Philosophy  searches  af- 
ter his  instruments;  Theology  asserts  hisi 
power;  but  Human  Wisdom  will  never  be 
able  to  settle  the  mode  of  its  influence. 

What  I  have  hitherto  said,  will;  I  hope, 
be  sufficient  to  give  an  idea  of  the  object, 
the  matter,  and  the  argument,  of  that  intro- 
ductory publication,  by  which  I  endea- 
voured to  remove  the  first  of  my  difficulties, 
the  supposed  demonstratioti  of  an  unmecha- 
nical  constitution  of  Niture,  by  our  es^cd-' 
c  g  lent 
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'lent  Newton ;  whose  demonstrations/  so  &r 
ais  they  extend,  no  man  can  oppose,  without 
being  justly  suspected  of  ignorance  or  pre- 
sumption. 

Great  as  my  first  difficulty  might  appear, 
I  thought  my  second  greater ;  and  I  found 
it  so:  because  we  know  what  is  required  of 
us  when  we  are  answering  an  argument;  but 
no  man  can  tell  when  he  shall  have  satisfied 
a  blind  suspicion.  All  I  can  say  is  this: 
that  if  it  should  have  been  my  lot  to  sufieF 
under  any  false  imputations,  as  many  better 
men  have  done  before  me;  and  if  I  have 
been  suspected  of  being  led  by  incompetent 
authority  into  any  opinions,  either  unpro- 
fitable or  indefensible ;  the  work  I  now  oflPer 
must  be  my  answer.  This  second  book  will 
shew  M  hat  I  had  in  view  when  I  published 
the  first.  It  will  shew,  that  in  every  subject 
I  treat  of,  I  take  my  own  ground,  and  work 
upon  it  in  my  own  manner.  It  will  shew^ 
that  I  use  every  writer  so  far  as  he  can  assist 
me,  while  I  take  part  with  none.  Many 
have  been  the  commentators  on  philosophy^ 
and  none  in  the  world  so  happy  and  success- 
ful in  every  part  of  it  as  those  of  our  own 
country:  pi u res  una  gens  eximios  tulit  in 
quocuuque  genere,  quam  cetercs  term :  but 
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still,  Nature  is  the  text ;  and  where  there 
is  difference  of  opinion,  and  authority  seems 
to  be  against  me,  then  I  must  plead  that 
text,  as  a  good  protestant  pleads  his  Bible. 

The  subjects  I  treat  of  are,  the  Elements 
of  the    World,    their  natures,    properties, 
powers,  and  effects;  which  are  the  genuine 
objects  of  physiological  inquiry,  and  open 
to  lis  so  large  a  fund  of  entertainment  and 
improvement,  that  the  sagacity  of  a  Newton, 
if  he  were  to  live  a  thousand  vears,  would 
never  be  able  to  exhaust  it.     It  will  be  con- 
cluded, and  very  justly,  that,  in  the  prose- 
cution of  this  study,  I  have  been  much  in> 
debted  to  the  learned  collections  and  disco- 
veries of  the  Royal  Society,  of  which  I  have 
the  honour  to  be  a  member.     I  ought  like- 
wise to  own,  that,  before  I  entered  upon  the 
business  of  experimenting  for  myself,  I  de- 
rived much  information  from  the  useful  and 
extensivelectures'On  philosophical  chemistry, 
by  the  late  Dr.  Alcock,  in  the  University  of 
Oxford :  I  should  have  been  happy  *if  he  had 
lived  to  receive  this  testimony  of  my  grati- 
tude.    A  fe[w  select  memoirs  of  his  life  were 
.published  in  the  last  year,  which  cannot  be 
perused  with  indifference  by  those  who  knew 
him,  and  were  interested  in  the  transactions 
c  3  of 
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of  his  time. — But  liow  it  will  be  propet  to  say. 
spmething  of  the  manner  in  which  I  have 
treated  the  subjects  of  the  present  volume. 

There  are  four  distinct  forms  of  Philo- 
sophy— mythological,  systematical,  experi- 
mental, and  sacred ;  all  of  which  must  be 
applied  to,  as  sources  of  information,  by 
tjiose  who  wish  to  understand  the  scie!»ce  of 
Natural  Philosophy  in  its  proper  extent;  as. 
I  have  endeavoured  to  do,  that  I  might  place 
my  work  upon  a  broader  foundation,  and 
tender  it  more  generally  usefuf. 

The  MYTHOLOGICAL  form  of  philosophy 
is  to  be  found  in  the  theology  of  the  Heathen 
priests,  poets  and  philosophers,  Thpir  deity 
was  the  visible  system  of  Nature;  and  their 
particular  divinities,  male  and  female,  were 
the  separate  powers,  agents  and  oper^itions 
of  the  world.  They  supposed  Nature  to  b^ 
eternal  and  self-moved,  and  sensible  of  men's 
words  and  actions;  therefore  they  fell  ipto 
the  custom  of  representing  Natural  Philo- 
fiophy  under  the  mystical  form  of  religious 
fable*  True  and  rational  Philosophy  under^ 
takes  to  make  plain  the  wonders  of  Nature: 
but  the  mythologic  form  was  invented  to 
turn  plain  things  into  wonders,  and  give 
tjieip  an  oracular  dignity,  to  preserve  them 
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(tottt  the  ccftitenipt  of  the  vulgar.  They  who 
lifad  no  sjm*itual  mysteries,  or  believed  iionej 
converted  Natural  Philosophy  into  mystery, 
and  gave  it  the  air  of  a  divine  revelation. 
Vbe  mysteries  ctf  the  HebrewiS  related  to  a 
13ieocracy,  that  isj  to  the  intercourse  of 
Ood  with  man :  the  mysteries  of  the  Heathens 
to  Physiocracy ;  for  such  we  may  call  that 
ciDnstitution  of  the  world,  Which  gives  the 
supreme  government  to  the  powers  of  Na- 
ture itself.  I  could  illustrate  what  I  here 
advance,  by  multiplying  testimonies  froni 
writers  of  all  ages;  but  this  is  occasionally 
done  in  the  work  itself.  A  fashion  prevailed 
in  the  last  century,  of  converting  the  fables 
of  Gentilism  into  true  history,  on  a  suppo- 
fiftion  that  they  all  took  their  rise  from  events 
related  in  the  Scripture.  In  this  attempt 
Bbchart  and  Huet  were  leaders,  and  the  eru- 
dition expended  in  it  wa:s  immense,  without 
any  sensible  benefit  to  the  Christian,  or  the 
leafned  world.  Lord  Bacon,  who  is  gene- 
rally to  be  trusted  in  his  ideas  of  literature, 
has  some  excellent  observations  on  the  fables 
of  the  ancients,  and  applies  them  for  the 
most  part  according  to  their  true  physical 
intention  :  but  he  intermixes  rather  more  of 
the  moral  than  was  intended  by  the  fahrica- ' 
c  4  tors 
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tors  of  mythological  mysteries.    I  have  been 
more  attentive  to  this  sort  of  learning  with  a 
view  to  the  younger  scholars,  whose  interest 
I  have  had  much  at  heart  for  several  years.. 
For  their  sakes  I  have  taken  occasion  to  in- 
troduce the  subjects  of  philosophy,  as,  they 
were  conceived,  and  are  referred  to  by  writers, 
of  anticjuity  among  the  Greeks  and  Romans;, 
to  prove  and  explain  how  their  mythology, 
was  a  symbolical  representation  of  the  ways, 
of  Nature :  by  right  understanding  of  Avhich, 
their  views  in  classical  literature  will  be  ex-. 
tended,  and  their  reading  made  more  profit- 
able and  agreeable. 

The  Systematical  form  of  philosophy, 
is  that  which  begins  with  laying  down  laws, 
and  principles  to  account  for  the  phenomena, 
of  Nature,   and  treats  Natural  Philosophy, 
as  a  science  reducible  throughout  to  certain 
rules.     Of  this  sort  was  that  which  prevailed , 
for. so  man^  ages  in  the  schools,  and  was 
derived  from  Aristotle,  and  his  commenta- 
tors.    It  knew  some  things  truly,  and  had. 
a  form  of  knowledge  for  all  the  rest;  but  it. 
was  nothing  more  than  a  form,  so  long  as  it, 
explained  things   by   certain   terms   which, 
themselves  wanted  an  explanation,  and  ex- , 
pressed  nothing  when  considered  as  powers; . 

of 
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of  Nature,  As  some  physicians  have  at- 
tempted to  extend  the  efficacy  of  one  parti- 
cular medicine  to  the  cure  of  all  distempers; 
so  have  philosophers  been  tempted  to  assume 
some  partial  aiFection  of  Nature, '.  and  sup- 
pose it  universal;  while,  in  order  to  make  it 
such,  they  must  pervert  things  in  a  strange 
manner,  and  be  guilty  of  many  absurdities. 
A  man  may  be  a  giant  in  his  talents ;  but  if 
he  is  contending  for  a  system,  he  will  occar 
sionally  argue  like  a  child.  Such  was  the 
error  of  Gilbert,  an  English  philosopher,  of 
Colchester,  who  flourished  above  two  hun-. 
dred  years  ago.  He  had  studied  magnetism 
with  great  attention,  and  was  so  filled  up 
with  it,  that  he  could  see  nothing  in  the 
whole  universe  but  n^agnetism.  He  made 
the  globe  of  the  earth  a  load-slone,  solid:  ta 
the  centre;^  and  supposed  that  a  magnetical 
power  in  the  sun  was  sufficient  to  account 
for  the  motions  of  the  planets.  And  then 
after  all,  he  accounted  for  the  effect  of.  thc[ 
load-stone  from  an  immaterial  act  of  its  form; 
to  countenance  which,  he  was  diligent  in 
searching  for  other  like  examples  of  incor- 
poreal attraction.  His  doctrine  was. after-, 
warcls  taken  up  by  Kepler,  who  ascribed  to 
the  body  of  the  sun  an  attractive  power  on 

one 
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one  side,  and  a  repulsive  power  on  the  otheiv^ 
a^  friendly  and  an  unfriendly  side,  by  beth 
pf  which  in  their  turns,  he  was  supposed  to 
act  upon,  the  planets.  The  cause  of  mag* 
netism  being  invisible,  it  was  pronounced  to 
be  incorporeal;  and  all  other  instances  of 
attraction  weie  accounted  for  from  a  vigour 
impressed  on  the  parts  of  matter,  by  which  it 
'tould  act  without  contact.  If  such  a  vigouf 
really  were  in  matter,  what  would  become 
of  the  vis  imrtic^?  for  matter  cannot  be  both 
inert,  and  vigorous  at  the  same  time.  If 
spiritual  vigour  in  solid  bodies  is  substituted 
foiTi  mechanical  impulse,  it  were  vain  to  in- 
quire after  impelling  fluids.^  This  doctrine 
of  impressed  vigour  in  solids,  unphilosophi*^ 
c^^dincredibleasit  is,  was  much  in  vogue 
in  the  beginning  of  the  last  century,  on^the 
tredit  of  Gilbert;  and  I  find  it  maintained 
by  one  of  the  first  scholars  in  the'  world, 
who  calls  it  *'  a  magnetical  vigour  impressed 
l^  the  Maker  upon  the  whole  frame;"  de-^ 
Mvtvmg  it  ex  cathedra,  as  a  principle  toa 
welt  established  to  admit  of  any  dispute*. 

Kepler  derived  the  revolution  of  the  pla- 
nets from  the  rotatory  motion  of  the  su&; 

but 
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b^t  hcild  thai;  it  took  place  v^ry  slowly  from 
the  natural  inertia  of  the  matter  in  the  pla* 
nets*.     Descartes  improved  upon  this:  he 
added  to  the  rotation  of  the  sun  a  vertical 
motion  in  the  fluid  matter  of  the  heavens ; 
apd  maintained  that  this  matter  preserves  the 
motion  once  impressed  upon  it^  because  all 
matter  ii^  itself  is  indifferent  to  rest  or  mo- 
tioiu     The  Ne^vtonian  system,  which  suc- 
ceedisd  the  Captesian;  and  has  taken  place^ 
of  it  in  all  parts  of  Europe,  adopted'  Des- 
cartes's  law,  and  added  to  it  the  powers  of 
attraction  and  repulsion  as  first  principles ; 
hut  with  a  reserve  for  the  agency  of  a  sub- 
tile medium  in  all  departments  of  nature ; 
t|ie  existence  of  which  Newton  himself  allow- 
ed, but  made  no  use  of  it  in  his  Philosophyv 
for  want  of  a  sufficient  number  of  experii- 
ments. 

Experimental  Philosophy  deduces-the^ 
pjopertiesof  bodies  from  actual  trials;  rea- 
soning first  by  analysis,  and  thence  by  com- . 
position.  It  has  an  advantage  in  being  more> 
nearly  allied  to  Natural  History  than  the/ 
systematic  forms :  for,  as  that  is.  the  best 
Moral  Philosophy  which  is  built  on  the  real: 
History  of  Man,  so  that  must  always  be  the. 

besjb' 
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best  Natural  Philosophy  which  is  built  upon 
the  History  of  Nature.  It  is  in  Philosophy 
as  in  other  things  :  experience  is  the  greatest 
of  all  masters;  and  if  it  does  not  teach  us 
something  in  Philosophy,  this  can  only  hap- 
pen because  we  had  been  falsely  taught  be- 
fore. The  alchemist  began  his  labours  with 
this  persuasion,  that  nature  intended  all  me- 
tals for  gold ;  and  wanted  nothing  but  the 
assistance  of  art  to  carry  on  the  operation  to 
its  due  effect,  in  all  those  instances  where 
nature  itself  had  miscarried:  therefore,  his 
experiments  never  gave  him  any  light :  he 
paid  dearer  for  wit  than  most  men,  and  ne- 
ver found  it  at  last. 

Lord  Bacon  was  the  fir^t  who  attempted 
to  rescue  the  learned  from  the  bondage  of 
system,  and  recall  them  from  abstract  reason- 
ings to  experiments.  He  threw  out  his  Na- 
tural History  in  the  form  of  a  loose  indigested 
collection  of  facts,  to  excite  the  public  cu- 
riosity; as  knowing  that  a  farther  inquiry, 
iiponthe  same  ground  of  actual  observation, 
would  naturally  tend  to  take  men  off  from 
their  beloved  notions  and  theories,  to  exa- 
mine the  real  constitution  of  the  world.  AH 
the  late  discoveries  in  Electricity,  which  have 
opened  an  entire  new  field  in  Philosophy, 

have 


Introduction.  %$ 

Jhave  arisen  from  facts,  to  which  the  experi^ 
menters  them^lvcs  were  not  led  by  any  pre? 
vious  train  of  reasoning,  but  conducted  by 
accident.  Experimental  Philosophy  shews 
us,  that  certain  effects  are  produced  under 
such  particular  circumstances,  which  must 
be  minutely  attended  to.  Systematical  Phi- 
losophy imdertakes  to  shewa^Ay  they  are  pro- 
duced; and  from  some  known  effects  de- 
duces many  others  of  the  same  kind.  *  But 
with  all  this,  .there  are. few  practitioners  who 
are  not  attached  by  education  or  affection  to 
some  system,  so  that  they  will  speak  for  an 
experiment,  instead  of  permitting  it  to  speak 
for  itself.  Having  obtained  the  knowledge 
of  some  things,  they  wish  not  to  be  igno- 
rant of  any.  But  he  is  the  happiest  practi- 
tioner, who  has  any  general  scheme,  to 
which  the  several  parts  of  nature,  when  ex- 
amined, will  give  a  general  testimony  :  and 
this,  i  think,  is  the  case  with  that  scheme 
of  the  Agency  of  the  Elements,  which.  I 
have  endeavoured  to  cultivate  and  exhibit  in 
this  work,  though  I  have  not  had  occasion 
to  carry  it  so  far  In  this  volume  as  I  appre- 
hend it  will  go  when  duly  applied. 

The  Philosophers  of  Europe  have  now  been 
making  experiments  professedly^  and  with 

every 


Sd  fntroiuction. 

eveiy  possible  advatitage,  for  above  kfi  hiiii- 
dred  years  :  and  ft  would  be  hard  indeed,  iJT 
from  so  tntich  matter,  collected  with  s6  miicb 
success,  and  illustrated  with  so  much  leam-^ 
ing,  tio  certain  principles  could  be  ascertain- 
ed in  the  science  of  Physics.    While  1  havd 
been  musing  with  myself  on  the  improv6l 
lilate  of  Experimental  Philosophy,    I  hay6 
often  indulged  a  wish  that  I  could  exhibit 
to  the  wise  men  and  heroes  of  ancient  times," 
tome  of  Aose  wonderful  improvements  which 
iifre  now  to  familiar  to  us,  but  were  totally 
imknown  to  them.     I  would  give  to  Aristo^ 
tie  the  electrical  shock;  1  would  carry  Alex- 
ander to  see  the  experiments  upon  the  Warren 
ftt  Woolwich,  together  with  all  the  evolutions^ 
and  firings  of  a  modern  battalion  ;  I  Would 
shew  to  Julius  Ctesar,  the  invader  of  Briton, 
in  English  man  of  war;  and  to  Archimedes 
a  fire-engine,  and  a  reflecting  telescope.    But 
her^,  as  in  other  subjects  of  human  atten- 
tion, so  in  Philosophy,  though  we  are  under 
all  these  advantages,  we  are  still  carried  away 
by  an  insatiable  thirst  after  novelty :  so  truC 
is  the  reflection  of  Seneca,  naturak  est  inagis 
flora  quam  magna  inirari;  we  neglect  what  is 
great,  to  hunt  after  something  that  is  new, 
that  we  may  attract  the  admiration  of  the* 
3  public. 
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public.  We  have  a  strange  propensity  to  be 
looking  either  before  us  or  behind  us  for  va- 
riety, instead  of  cultivating  the  fruitful  spot 
we  stand  upon*  If  we  are  already  in  pos- 
session of  many  great  thingSi  reason  demands 
that  we  should  be  making  our  use  of  them^ 
rather  than  be  searching  for  novelties,  which 
may  be  either  of  little  value,  or  the  same  foe 
substance  with  what  is  already  known,  i 
have,  therefore,  preferred  the  profits  of  cul- 
ture to  the  pleasures  of  the  chace ;  and  would 
rather  pass  for  a  labourer  than  a  sportsman 
upon  philosophical  ground ;  though  J  have 
reason  to  think  many  things  new  will  occur 
to  the  readei*,  if  he  has  the  patience  to  look 
for  them  ;  and  that  the  new  things  he  will 
meet  with,  are  such  as  will  lead  to  a  new 
train  of  experiments.  A  vain  desire  of  ac- 
counting for  all  experiments,  is  ati  error  I 
have  endeavoured  to  avoid.  Many  pheno- 
mena in  nature  being  unaccountable,  we 
must  sometimes  be  humble  enough  to  admire; 
what  we  cannot  perfectly  understand ;  as  we 
survey  the  ocean  with  wonder  and  pleasure, 
though  we  cannot  see  to  the  bottom  of  it* 
After  all  the  researches  I  have  been  able  to 
make,  I  am  still  at  a  loss  for  Xht  physical 
principle  of  musical  coiisonance. 

By 
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'  By  SACR£i>  Philosophy  I  undefStand  that 
account  of  the  generation  of  the  world,  and 
its  present  economy,  which  is  revealed  in  the 
Scripture;  not  with  the  design  of  sending  ud 
to  school,  to  learn  Philosophy  as  a  science ; 
but  with  a  view  to  the  interests  of  religion,  . 
and  therefore  so  far  only  as  religion  is  ccm^ 
temed.  The  three  great  ends  for  which  Na- 
ture is  referred  to  in  the  Bible,  are,  first,  to 
guard  men  from  error;  secondly,  to  open 
their  understandings,  by  explaining  spiritual 
truth  from  natural  imagery;  and  thirdly^ 
to  inspire  them  with  sentiments  of  devotion : 
and  all  this  is  generally  done  in  concise;  lan^ 
guage,  as  there  is  no  room  in  that  book  for 
superfluous  words.  The  History  of  the 
Formation  and  Constitution  of  the  World  is 
such  as  was  sufficient  to  guard  the  Hebrews 
from  the  dangerous  and  profane  doctrines  of 
the  Gentiles,  who  conspired  imiversally  to 
deify  nature;  to  confound  the  Creator  with 
his  works;  and  to  give  to  the  world  itself 
that  adoration  which  is  due  only  to  the  Ma- 
ker of  it.  It  therefore  asserts  and  sets  forth 
the  power  of  the  true  God;  the  Maker  of 
heaven  and  earth,  and  describes  the  natural 
dominion  of  the  elements  as  dependent  on 
the  power  of  the  Creator:  that  the  sun,  the- 
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modH,  and  the  host  of  heaven,  observe  the 
law  th^  received  from  him  in  j;he  beginning 
pf  the  world:  of  which  subordination  and 
dependence  the  heathens  Jbad  lost  the  know-* 
ledge,  through  the  affectation  of  philosophic 
"cal  wisdom,  till  at  length  Nature  itself  took 
the  place  of  the  Creator ;  the  substance  of 
the  dements  was  confounded  with  the  sub<* 
stance  of  the  Deity ;  the  subtile  matter  of 
fire  was  held  to  be  the  soul  of  the  world  j 
the  powers  of  the  heaven  and  the  earth  be- 
came so  many  distinct  diyiQities,  and  the 
histoiy  pof  their  operations  was  converted 
into   a  ireligious  mystery,  such  as  we  find 
every  where  in  the  occult  doctrines  of  the 
Pagan  Mythologj^  of  which  I  have  given 
so  many  examples  in   the  following  Dis- 
courses,   that  I  trust  that  matter  will  no 
longer  be  doubtful ;  and  it  behoves  us  not 
to  be  unmindful  of   it.      Late  discoveries 
have  -again  filled  the  world  with  matter,  and 
revived  the  knowledge  of  those  powers  which 
the  Heathens  knew  and  worshipped.     A  va- 
cuum is,  or  will  be,  forgotten ;  and  the  ele- 
ments are  likely  ta  be  restored,  as  of  old,  to 
their  proper  ofiices  in  nature.     I  have  long 
foreseen  (or  feared  I  did)  that  whensoever 
this  should  come  to  pass,  the  light  of  Chris^ 
VOL,  IX.  D  tianity. 
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tiaiiitjr,  trith  all  ttit  watniiigs  and  direaien* 
tags  df  the  Scripture,  would  scarcely. bi 
JR>likid  Mfficietit  to  seciire  us  froui  Klnp$i1ig 
liltotfae  ahctent  error,  and  taking  on^mort 
the  elettioits  thetntdves  for  the  gbds  that 
govern  the  Worlds  ascribing  inteUecttud 
po\ii&r  to  organised  matter,  and  smotttertsig 
the  di^nction  between  body  and  ^irit^ 
which  ii  the  philoso|>hy  of  MateruUismj;  tm 
iitihajipy  system,  which  ha^  always  had  itk^ 
adV6<cates^  but  can  recommend  itself  only 
to  the  half-leaimed^  inflated  with  the  vmsky 
<E>f  fkfee  wisdom^  and  destitute  of  tbe:prin^ 
tiple  which  the  Scripture  calls  by  the  name 
of  FAittt.  In  this  plan  I  have  no  share: 
fend  it  is  part  of  the  design  ctf  this  work  to 
gm^d  l^  learned  against  it,  and  jpoint  oat 
la  more  eiitcellefit  way, 

The  second  use  of  Sacred  Philosophy  is 
to  open  the  understanding,  and  enlarge  the 
conceptions  of  the  mind,  by  gi^nng  it  a 
prospect  of  both  worlds ;  of  the  one  from 
the  other;  of  the  invisible  fi-om  ibc  visihle: 
for,  as  all  our  ideas  enter  by  the  sensesy  vns 
hlBLY^  no  way  4^  conceiving  die  objects  of 
laith,  but  from  the  objects  06  sense,  a  The 
powers  of  Nature  are  symbolical  of  the  powers 
of  the  Deity^  and  are  applied  ia  that  capof* 
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dtjf  in  nuntberles^  j>agsageft  of  this  sacred 
irritiags ;  their  operations  are  eKplanatory  of 
lliebeiiefits  we  derive  from  him,  and  he  i^ho 
studies  nature  with  a  view  to  this  particular 
nee  of  it,  and  wishes  tof  excel  in  Theology^ 
win  find  a  treasure  opened  to  him  which  can* 
^ot  easily  be  exhausted,  and  which,  after 
long  And  frequent  meditation,  is  tomy  mind 
one  of  the  most  valuable  secrets  in  divine 
literature. 

Tbe  third  and  last  use  of  Sacred  Philoso* 
phy,  is  to  in^ire  us  with  devotion ;  ^smd  for 
tbis-^nd  Nature  is  described  to  us  in  such 
terms  as  di^lay  the  wisdpm  of  the  Creator 
in  ordaining,  his  power  in  effecting,  and 
his  goodness  in  administering  all  things,  to 
the  perfection,  beauty,  and  grandeur  of  the 
world,  and  the  happiness  of  all  his  creatures. 
With  other  philosc^y  we  may  live,  and  traf- 
fie,  and  amuse  ourselves ;  but  <his  is  the 
philosophy  with  which  a  good  man  would 
wish  to  die.  Of  all  tliese  four  diiGsreiftt  forms 
of  Philosophy,  the  Mydiological,  thte  Sys- 
tematical, the  Experimental,  and  the  Sa^ 
cred,  I  have  taken  advantage,  as  I  thi^ught 
k  would  best  promote  the  ^neral  demgn  of 
my  work. 

Every  author,  if  he  could  choose  his  read- 
D  2  ers, 


36  Introductiofi. 

erSi  would  wish  to  have  them  properly  diftr 
posed  to  enter  into  the  spirit  of  his  undertake 
ing:  and  I  must  observe  there  are  other  qua- 
lifications in  readers,  besides  that  of  suffici- 
ency in  Literature,  without  which  I  can  hope 
for  no  success.  And  first  I  must  ex;pect^ 
that  when  the  reader  takes  this  book  into  hi« 
hand,  he  is  well  affected  to  its  subject,  and 
•knows  what  it  is  to  delight  himself  iji  the  rer 
searches  either  of  Natural  Philosophy,  or 
Natural  History  j  without  which  I  shall  be 
holding  up  a  spectacle  to  those  who  hjive  no 
eyes  to  regard  it.  Curiosity  then,  and  af- 
fection to  the  subject,  are  the  first  qualifica- 
tions I  wish  to  meet  with :  to  which  I  would 
add  some  acquaintance  with  Arithmetic  and 
Geometry.  The  mathematical  learning  of 
my  reader  cannot  be  too  much,  if  it  is  join- 
ed to  natural  and  experimental  knowledge. 
Such  a  reader  will  look  upon  my  book,  as 
the  sun  looks  upon  the  earth,  to  fetch  out 
of  it  something  more  than  appears,  and  raise 
a  plant  from  a  latent  seed.  But  a  vei:y  little 
mathematical  learning  will  be  more  than 
enough,  if  it  should  unfortimately  Imve  in-r 
fused  the  pedantry  and  emptiness  which  are 
found  in  some  scholars  of  that  class,  who  see 
nothing  of  the  world  but  upon  paper,  and 

tHink 
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think  that  with  the  knowledge  of  a  few  geo- 
metrical lines  and  abstract  theorems,  they 
have  alKhat  is  essential  in  Philosophy,  and 
are  complete  judges  in  the  science.  I  have 
the  satisfaction  to  know  beforehand,  that  I 
shall  have  some  readers  who  are  adorned  by 
nature  and  education  with  all  the  endow^ 
ments  I  can  wish  for.  There  may  be  others 
as  happily  qualified, '  of  whom  I  have  no 
knowledge;  and  my  book  may  find  those 
vhom  I  shall  never  see. 

To  those  who  think  they  have  no  concern, 
vith  Philosophy  as  a  matter  out  of  their  reach, 
I  can  assure  them,  I  have  but  rarely  attempt" 
ed/to  go  where  persons  of  common  learning, 
with  proper  attention,  will  not  be  able  to. 
follow  me.  Some  of  the  Discourses  are  fa* 
iniliar  and  easy,  from  the  nature  of  their  sub-^ 
ject:  others  are  made  so,  as  much  as  the 
case  would  admit,  as  being  intended  partly 
for  the  instruction  of  beginners,  and  actually 
Applied  to  that  purpose  in  some  private  lecr 
tures.  The  Discourse  on  Motion  is  necessa-r 
rily  abstruse  in  some  parts  of  its  argument, 
and  cannot  be  well  understood  without  an 
acquaintance  with  the  common  systematic 
fom'iS  of  Philosophy,  and  the  state  of  it  in 
the  last  and  present  age :  though,  I  appre- 
p  3  hcnd, 
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hendy  aoti&e  hints  I  have  given  in  this  Intro^ 
duction  will  help  to  make  it  easier.    Tbat  tm 
Fossils  will  ht  less  usef  ul^  when  the  hodioi 
referi'ed  to  are  not  at  hand :  but  this  defect 
I  have  in  some  measure  supplied,  by  mtroh  < 
dvLtihg  several  figures  of  fossil  bodies,  into^ 
the  {ilatesc  The.  Discourse  on  Music  requires 
some  kno^wledge  of  the  composition  and  re^ 
solution  of  ratios  :  it  goes  £irther  than  iin- 
tended  at  first  to  carry  it ;  and  in  some  parts 
of  it,  a  practical  as  well   as   a  theoreticaV 
knowledge  of   the   science    is    necessary: 
though  it  has  many  curious  facts  throughout, 
which,  if  they  should  demand  a  little  more 
attention  than   ordinary,   no   philosophical 
reader  who  bestows  that  attention  will  repent 
of  it.     As  I  have  taken  an  unbeaten  track 
in  the  greater  part  of  this  book,  I  must  warn 
the  reader,  that  he  will  meet  with  some  things 
which  will  appear  strange  to  him,  only  be- 
cause they  are  new,  or,  if  old,  but  little 
thought  of;  which^  on  farther  examination, 
and  by  comparison  with  other  new  things, 
willappear  in  a  very  different  light.    Things 
remote  from  common  observation  are  at  first 
indistinctly  seen,  like  the  remote  objects  in 
a  prospect.     We  are  in  doubt  whether  they 
are  hills  or  clouds  which  appear  in  the  skirts 

of 
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<rf  th*  hari^on ;  bwt  whea  we  dnw.  ©ear  to 
them,  we  find  they  are  no  vapours,  but  firm 
Iwd,  fit  for  cujiture  and  inhabitation. 

Some  misunderstandings  may  arise  from 
inesiperienca ;  others  from  prejudice  and  dis- 
affection. It  is  our  great  misfortune  in  this 
country,  that  we  arc  so  much  inclined  to 
p^^rty  and  faction  upon  every  occasion;  In 
Religion  we  are  broken  into  sects,  and  dis- 
turbed with  fanaticism  in  various  shapes.  In 
Politico  we  have  parties,  whose  opposite  views 
weaken  the  force  of  the  strongest  kingdom 
in  Europe,  and  endanger  the  vitals  of  the 
constitution.  And  even  in  Philosophy, 
where  nothing  but  candour  and  serenity 
should  prevail,  we  are  still  subject  to  an  in- 
tolerant spirit,  which  either  absolutely  hin- 
ders the  advancement  of  science,  or  obliges 
it  to  run  in  one  narrow  channel.  From  tlie 
observations  I  have  been  able  to  nfiake  on 
mankind,  I  find  tliem  always  more  intole^- 
i^nt  for  error  than  for  truth,  which  is  great 
without  the  aids  of  worldly  power  or  policy, 
and  will  prevail  in  the  end  by  its  own  strength. 

Hitherto  I  have  been  informing  my  readen 

what  he  is  to  expect :  I  must  now  teU  him 

what  he  is  not  to  expect.     Tlie  nature  of 

my  work  would  seldom  admit  of  a|i  historir: 

p  4  pal 
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cal  account  of  experiments.  When  tiiey  at* 
delivered  in  detail,  they  take  ufMmfch  room, 
and  if  wantonly  amplified,  are  more  likethe^ 
history  of  a  man's  own  self,-  than  a  treatise 
npon  Philosophy.  The  result  of  any  trial 
is  generally  very  short,  and  its  doctrine  i# 
more  to  my  purpose  than  its  history ;  whichy^ 
i£  the  experiment  is  common,  is  to  be  met 
with  in  writers  who  have  pursued  a  different 
plan^  It  is  possible  I  may  have  carried  thisf 
reserve  too  far ;  and  I  am  apprehensive  I 
shall  be  suspected  of  inaccuracy,  because  I 
have  so  studiously  avoided  minute  descrip- 
tions.  Having  much  matter  to  offer,  and 
of  various  sorts,  and  having  promised  to  con- 
fine myself  to  the  compass  of  two  volumes 
in  quarto,  I  am  under  the  necessity  of  com- 
pressing my  matter  into  as  small  a  coitipa|ft 
as  I  conveniently  can.  The  description  of 
the  machine  to  shew  the  force  and  heat  of 
burning  fire,  would  have  been  thrice  as  long 
as  it  is,  if  it  had  extended  minutely  to  all 
particulars ;  but  I  did  not  mean  to  write  a| 
a  mechanic;  I  have  contented  myself  fre^ 
quently  with  throwing  out  a  general  truth, 
leaving  others  to  correct  it  with  proper  dif- 
tinctions.  Thus,  in  explaining  the  conso- 
nance of  ^lusi  cal  strings,  I  have  said  that  the 
•  vibrations 
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iribrations  of  the  same  pendulum  cotHpared 
among themrselves,  are  isochronous;  which 
is  not  true,  except  in  small  arcs  of  a  circle, 
nofr  sensibly  differing  from  the  arcs  of  a  cy- 
cloid ;  but  it  is  true  so  far  a&  I  haVe  occa- 
sion for  it,  because  the  ordinaly  vibrationa 
of  musical  strings  are  in  exceeding  simall 
arcs,  and  it  would  have  carried  me  out  to  a 
subject  not  before  me,  if  I  had  distinguished 
more  accurately. 

To  some,  my  plan  may  appear  defective^ 
because  it  does  not  abound  with  diagrams 
and  demonstrations :  but  in  these  discourses 
I  have  little  concern  with  that  mixt  Philoso- 
phy, which  has  been  so  well  and  so  copiously 
treated  of  in.  several  modern  systems  of  great 
merit :  and  I  have  reason  to  believe  that  the 
public  will  be  gratified  with  the  best  work 
of  that  kind  by  an  ingenious  mathematician 
of  the  university  of  Cambridge,  who  is  qijia- 
lifted  in  every  respect  to  answer  their  expec- 
tations. My  work  is  of  a  more  bumble  and 
popular  nature ;  it  is  properly  physiological^ 
and  its  demonstrations  are  from  facts;  a  sort 
of  reasoning,  which,  if  inferior  on  some  oc* 
casions  to  the  geometrical,^  is  yet  unex-^ 
qeptionable  in  Philosophy,  and  best  accom*-/ 
xnodated  to  the  capacities  of  all  sorts  of 

readers. 
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readers.  Matbematical  demonstratioii,  wfa^ 
9{>plied  to  the  properties  and  powers  of  nuit^ 
ter,  partakes  of  uncertainty,  from  our  ifopisrr 
feet  knowledge  of  the  subject  to  which  i);  if 
a^i«d ;  and  it  has  been  extmded  injudici^ 
onaly  and  afiectedly  to  subjects  where  it  huk 
fio  place;  for  some  have  taught  Divinity^ 
fuid  others  have  administered  Medicines,  upon 
mathematical  principles.  When  Mr^  Robins 
made  his  experiments  on  the  resistance  of  th« 
9ir  to  bodies  in  motion,  Sir  Isaac  Newton 
had  demonstrated  that  this  resistance  was  a| 
the  square  of  the  velocity ;  and  it  was  rear 
sonable  to  believe  that  the  demonstration 
was  universal:  but  when  experiments  wewr 
carried  on  to  very  high  velocities,  the  rule 
failed  entirely,  and  another  took  place,:  never 
till  then  suspected.  As  bodies  lose  their 
motion  from  the  resistance  of  a  fluid,  it  ww 
supposed  demonstrable,  from  thence,  that  a 
Vacuum  is  necessary  to  motion;  but  i3b» 
contrary  appears  from  other  experiments, 
and  the  demonstration  is  but  partial.  Mus<» 
chenbroek  demonstrates,  from  Hydrostatics^ 
that  all  bodies  would  be  at  rest  in  a  fluid 
lether  capable  of  occupying  their  pores,  be-* 
cause  a  body  of  the  same  specific  gravity 
with  water  is  at  rest  in  watei- ;  whence  he 

concludes 
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conchftdes  there  can  be  no  such  sether*     But 
iSw€  begin  the  other  way,  and  shew  ther« 
aotitally  is  an  aether  in  the  pores  of  bodies^ 
then  it  ifi  found  that  the  demonstration  does 
mt  bold;  and  that  the  author,  in  stating  the 
case,  did  not  follow  nature.     Men  canal* 
way^  prove  with  great  ease  what  they  already^ 
believe,  or  wish  to  be  true.    Pure  Mathema-- 
tics  yield  absolute  demonstration ;  but  when 
they  arc  mixed  with  physical  suppositions, 
then  the  demonstradons  are  conditional  at 
best,  and  may  be  absolutely  false.      It  i$^ 
dangerous  to  call  such  mixt  reasonings  by^ 
the  name  of  demonstrations ;  because  they 
iiay  exclude  all  feither  inquiry  by  experi«» 
ment;  and  they  may  likewise  discourage  the 
studies  of  some  readers,  who,  under  a  per-« 
suasion  that  all  philosophy  lies  deeply  in-* 
trenched  and  fortified  against  common  un- 
derstandings, give  up  the  whole  science  in 
despair.    But  there  is  a  vast  field  op^i  to  all 
persons  of  a  liberal  education,  wherein  they 
may  employ  their  minds  with  pleasure  and 
profit,  free  from  those  terrors  which  stop  the 
progress  of  many  students.  The  Astronomer, 
the  Navigator,  the  Engineer,  must  be  Ma- 
thematicians;  and  it  will  be  good  for  the 

Philosopher 
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Philosopher  if  he  is  so  too :  but  the  proper* 
ties  of  the  elements  are  opened  to  us  in  a 
great  measure  by  the  experiments'  of  Che-, 
mistry  :  Electricity  has  but  little  to  do  with 
calculation;  and  the  philosophy  of  the  three 
kingdoms,  of  plants,  animals,  and  fossils,  all 
fuU  of  wonders,  may  be  treated  of  without 
ihejormulce  of  Algebra. 
:.  Life  is  so  short,  and  knowledge  comes  sa 
slowly  to.  man  in  this  mortal  state,  that  no- 
thing should  be  represented  under  an  obscure 
ft)rm,  which  is  capable  of  a  plain  one.  If 
qbscurity  is  an  art,  any  man  may  zttsa,n,io 
it,  and  may  soon  render  unsearchable  wthat 
which  is  not  worth  finding.  The  proper  end 
of  every  instructive  composition  i&  to  illu»- 
minate:  and  the  small  taper,  which  gives  us 
light  to  read  by,  is  preferable  to  the  blazing 
meteor  of  the  sky,  which  raises  our  astonish^ 
ment,  but  soon  leaves  us  in  darkness.  Au^ 
thors  in  all  ages  have  been  touched  with  the 
ambition  pf  being  mysterious;  as  if  learning 
grew  more  honourable  in  proportion  as  it  is 
le$s  intelligible.  This  sentiment  is  so  handi 
somely  and  judiciously  expressed  by  a  write? 
who  has  fallen  in  my  way,  that  I  §hall  place 
his  words  in  the  margin  for  ^n  admonition 

to 
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to  the  learned*.  Instead  of  making  difficult 
what  is  naturally  easy,  it  is  my  desire,  and 
has  been  my  endeavour,  to  invent  such  a 
method  as  might  render  easy  what  is  natu- 
.rally  difficult.  In  the  style  and  manner  of 
my  work,  I  have  rather  proposed  Seneca  and 
the  elder  Pliny  as  my  models,  than  the  au- 
thors of  Systematical  Treatises,  who  are  per- 
haps too  cautious  of  departing  from  the  na- 
tural dryness  of  their  method.  One  author 
indeed  has  of  late  ventured  to  give  a  more 
liberal  and  classical  turn  to  a  philosophical 
discourse,  the  subject  of  which  is  neverthe- 
less handled  with  mathematical  exactness  f. 

Mathema- 

*  Dolendmn  yero  jure  meritoque  est,  quod  ratio  huti^aiut, 
ctiam  in  hoc  negotio,  labem  illam  suam  primordialem,  fastura 
atque  superbiam,  pro  lapide  ofiensionis  et  fundamento  lapsus 
sui  habeat :  dum  simpUcitatem  perosa,  nihil  nisi  speciosa, 
operosa,  intricata,  abstrusa,  affectans :  notiora  vero,  fad. 
liora,  ^ingularia,  despiciens :  perverso  ordine,  fastigio  adni. 
tens,  vel  omnino  inde  excutitur,  atque  in  inane  decidit ;  vel 
ckuisa  ibi  omnia  atque  obsignata  deprehendens,  et  interiora 
pcnetrare  impos,  ex  superficialibus  quibusdam,  crassioribus^ 
Phaenomenls,  fingit  sibi  potentias  quasdam,  difficillime  qui. 
dem  materiales,  promptissime  vero  immateriales ;  e  quibot 
hodiemi  illi  insiti  et  concreati  nisus  et  motus,  Materie  in. 
temi,  et  quascunque  illos  possidens  atque  perfieiens  facultas, 
primum  locum  possident.   Stahl.  Specim.  Becher,  p.  934. 

+  Doctrina  So/i9rum,  by  the  ingenious  Mr.  Hales  of 
Dublin. 


4(5  Infrdduction. 

Mathematicians  are  wotit  to  cotididef  the 
elements  so  far  only  as  they  come  under  thisi 
idea  of  quantity:  ^ereas  the  Science  of 
Physics  should  consider  them  chiefly  in 
their  qmHties  and  operations.  Quantity  iii 
the  body  of  Nature,  and  Quality  is  the  soul 
of  it.  The  part  of  Natural  Philosophy  'which 
always  seemed  to  me  most  useful  and  instruc- 
tive, was  the  45conomy  of  the  Elements,  and 
the  final  cfiauses  of  their  effects;*  which,  in 
^ome  respects,  hare  been  admirahly  wefl  treab* 
ed  of  by  Ray,  Derham,  Neiwtntyt,  and 
othCT  excellent  writers  of  that  class.  This 
sort  of  Philosophy  may  be  thought  less 
sublime,  because  it  has  less  difficulty ;  but  it 
may  be  of  more  genital  benefit  than  abstrttse 
theories,  which  may  do  great  honour  to  their 
authors,  but  lock  up,  even  from  persons  of 
good  learning,  what  they  would  be  glad  to 
partake  of^  according  to  their  measure,  in  a 
»2ore  popular  form. 

Though  I  newer  advertised  the  conditions 
lof  this  volume  in  the  public  papers,  I  gave 
my  friends  reason  to  expect,  from  my  private 
proposals,  that  it  would  contain  a  Discourse 
on  Electricity.  This  I  reserved  for  the  last; 
that  while  the  other  papers  were  in  the  press, 
i  mi^t  take  advantage  of  any  thing  new 

that 
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0iat  i^hould  arlise  fxQtn  others,  or  occuf  tdmy- 
lelf,  to  render  it  more  perfect.  In  the  ttiwti 
while,  the  volume  grew  to  such  a  si^e,  and 
the  other  discourses  took  up  so  much  more 
room  than  my  calculation  had  allowed,  (I 
wish  I  may  have  under-rated  them  in  every 
other  re^ct)  that  to  keep  the  volume  witiiin 
bounds,  and  to  the  proposed  parice,  I  wot 
phliged  either  to  reserve  that  piece  for  the 
other  volume,  or  make  a  treatise  of  it  by  it- 
hd£.  To  bring  it  into  any  tolerable  compciss 
for  this  present  pubUcatioti^  I  must  have 
changed  its  form,  and  abridged  my  materials 
into  titles  and  propositions;  by  doing  which 
I  should  have  disappointed  itay  reader,  and 
have  been  unjust  to  myself  as  w^  as  to  the 
subject  My  plan  receives  such  confirmation 
from  the  new  li^ts  of  modena  electricity, 
that  I  cainnot  say  whether  X  should  have  been 
bold  enough  to  have  undertaken  any  part  of 
it  without  that  enxxnuragement  This  vo* 
lume,  however,  contains  nine  separate  Dis<^ 
courses,  the  number  which  my  ^oposal^ 
promised:  and  as  those  carry  us  through  tbe 
elements  of  fire,  air,  earth  and  water,  the 
volume  is  so  far  a  complete  wofirk  by  itself. 
Instead  of  a  few  paragraphs,  which  were  all 
I  intended  to  select  on  the  philosophy  of 
1  musical 
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musical  sounds^  and  to  introduce  them  int^ 
the  Discourse  upon  Air;  I  have  published 
the  chief  of  my  speculations  on  that  subject, 
and  made  a  separate  discourse  of  it.  I  should 
liiave  been  tempted  to  add  some  farther  con- 
"siderations,  had  I  seen  the  Di3courseof  the 
Spaniard,  Fej'joo,  upon  Music^  before  iiiy 
own  was  printed  :  but  now  I  must  refer  the 
musical  reader  to  it,  not  as  a  philosophical^ 
but  a  sentimental  piece.  Had  I' been  ap* 
prized  of  it  in  time,  I  would  have  mentioned 
the  great  Lord  Keeper  Gxiildford,  ;a8  the  la- 
ther of  Musical  Philosophy  in  this  country; 
who  first  started  it  in  our  Royal  Society,  and  . 
was  followed  by  MatthcMs,  Hook,  WalliSj 
and  Holder.  He  printed  a  Philosophical 
Essay  on  Music,  which  in  those  earlier  days 
had  great  merit;  and  was  himsejf  a  very 
skilfal  composer'*^.  I  might  also  have  de- 
scended to  a  particular  inquiry  into  the  ef- 
fects of  music  upon  the  passions,  under  the 
title  of  Pathology;  and  have  shewn  how  the 
larger  intervals  elevate  and  expand  the  mind, 
while  the  lesser  depress  and  contract  it;  oa 
which  there  is  much  to  be  said;  and  thec/)n- 
sideration  of  it,  if  I  could  be  so  happy  as  to 

represent 

*  See  Roger  North's  Life  of  the  Lord  Keeper  Goildibrd, 
p.  896» 
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represent  it  rightly,  might  regulate  odr  taste^ 
^od  prevent  our  sinking  deeperi  as  we  do 
<laily«  into  that  whining  effeminate  sty)e>  so? 
abounding  with  aqcidentals^  and  half  inter^ 
Val^;  the  present  relish  for  which  is  not  na-- 
tural,  but  acquired)  atid  I  believe  in  a  great 
measure  imaginary ;  like  the  pleasure  a  man 
finds  in  gnawing  the  ends  of  his  fingers,  when 
he  is  fallen  under  the  dominion  of  a  yicioua 
habjt.  New  habits  bring  new  inclinations; 
and  a  depraved  taste  will  find  itself  happy 
'with  depraved  music. 

As  wise  and  good  men  have  always  ad- 
mitted a  certain  alliance  between  Philosophy 
and  Pivinity,   and   have  pronounced,  that 
Nature  is  but  half  studied  till  it  enables  us 
to  contemplate  the  great  objects  of  Religion 
with  superior  light ;  I  have  therefore  endea- 
voured to  los^e  no  opportunity  of  turning  na- 
tural knowledge  to  the  illustration  of  Divine 
Truth,    and   the    advancement   of  Virtue. 
This  step  wHl  not  recommend  me    to  all 
readers ;  and  yet  I  hope  I  shall  stand  in  need 
of  no  apology  Ibr  doing  what  may  frequently 
be  done  by  writers  who  are  so  inclined,  with- 
out any  violence   to   Natural  Philosophy. 
Wha  amongst  us  can  want  to  be  convinced, 
in  this  age,  that  man  versed  in  the  study  of 
VOL.  IX.  E  Nature 
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Nature  have  gone  to  unwarrantable  lengths/ 
and  raised  spiritual  doctrines,  not  le^  absurd 
than  dangerous,  upon  natural  observations  ? 
So  many  strange  things  have  happened  from 
the  abuse  of  Philosophy,  that  it  would  now 
be  scarcely  wonderful  if  a  temple  should  be 
erected  to  the  jbther,  the  Father  Al- 
MfGHTY  of  the  idolatrous  Sages  of  anti- 
quity*.  One  of  the  physicians  of  the  late 
king,  who  was  a  friend  to  my  studies,  and 
for  whose  learning  and  virtues  I  had  great 
esteem,  would  be  asking  me  sometimes,  what 
philosophy  had  to  do  with  religion?  But 
surely  a  Boyle  or  a  Newton  will  answer  that 

question 

•  Turn  Patbk  OhivtTor tm/atCMxdis  imbribus  JErnt^p 
An  institotion,  nearly  approaching  to  this  act  of  impietf , 
was  sec  on  foot  aboot  fifty  or  sixty  years  ago  in  thit  king^ 
dom  by  a  society  of  philosophical  idolaters,  who  called 
theroselves  Pantheists,  because  they  professed  the  worship  of 
JIl  Nature  as  their  Deity.  They  had  Mr.  John  Toland 
for  their  secretary  and  chaplain.  Their  Liturgy  was  in 
Latin,  the  copies  of  which  are  Tery  scarce :  I  never  saw 
rooce  than  one  of  them..  An  English  translation  was  pab- 
lished  in  1761  ;  from  which  I  will  here  extract  a  passage 

asserting  the  divinity  of  Ethcrial  Fire. "  The  Etherial 

**  Fire ;  invironing  all  things,  and  therefore  supreme : — the 
>'  ^ther  is  a  reviving  fire — it  rules  all  things,  it  disposes 
'*  all  things— In  it  is  soul,  mind,  prudence — ^This  Rre  is' 

"  Hone's 
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question  for  us.  Besides,  the  use  may  be 
inferred  from  the  abuse;  and  it  has  always 
been  held  lawful  to  leafn  wisdom  of  an  ene- 
my. Voltaire  never  ^iled  to  turn  the  little 
philosophy  he  was  master  of  (which  in  his 
hands  seemed  to  be  a  great  deal)  to  the  dis- 
advantage of  religion ;  that  from  his  mole- 
hill of  science  he  might  lord  it  over  Christian 
Truth,  and  bring  Faith  and  Virtue  into  con- 
tempt with  his  readers;  in  which  he  has  been 
too  successful.  Natural  Philosophy  has  long 
been  under  some  suspicion,  either  of  being  a 
false  friend  or  a  dangerous  enemy  to  Reve- 
lation: and  some  good  men,  at  the  first 
establishment  of  the  Royal  Society,  were  ap- 
prehensive of  ill  effects  from  the  institution; 
that  it  would  bring  into  vogue  a  sort  of  em- 
pirical literature,  which  would  puff  men  up 
with  a  vain  conceit  of  wisdom;  and  farther, 
£  2  that 

**  Horace's  partlch  of  dt*vine  breath ^  and  Virgil's  innvardfy 
•*  nourishing  spirit — AU  things  are  comprised  in  an  intellL 
**  gent  Nature.— This  fi>rcc  they  caU  the  soul  of  the  woild^ 
^<as  also  a  mind,  and  perfect  wisdom,  and  conleqnently 
**  God."  See  p.  23,  24,  ()U  Vanini,  the  Italian  philoso- 
pher, who  was  burned  for  an  atheist,  was  very  nearly  of 
this  opinion :  his  god  was  Nature.  Some  very  learned 
and  excellent  remarks  are  nuide  on  this  error  by  Mr.  Boyl^, 
in  his  Discourse  on  the  Yolgarly  received  notion  of  Nature. 
Set  fection  IV. 
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that  experiments  upon  Nature  would  lead  t^ 
ei^perimeutsr  upon  Religion,  and  so,  in  the 
4s8ue,  make  way  for  Scepticism  and  lafide- 
lity.  In  answer  to  which,  the  elegant  apor 
logist  of  the  Society,  Dr.  Sprat,  declared, 
.that  ^^  if  the  design  should  in  the  least  di- 
mipish  the  reverence  that  is  due  to  the  J)oc- 
trine  of  Jesus  Christ,  it  were  so  far  from  de- 
serving protection,  that  it  ought  to  be  sib- 
horred  by  all  the  politic  and  prudent,  as  well 
^s  the  devout  part  of  Christendom."  Whitf 
he  has  added  to  prove  the  suspicion  ground- 
less, and  injurious  to  true  Philosophy,  is 
much  to  the  purpose,  and  worthy  of  consi- 
deration. It  IS  not  Philosophy,  but  the  abuse 
of  Philosophy,  or  the  use  of  something  fklsely 
so  called,  the  production  of  men's  brains, 
not  a  sober  observation  of  the  works  and  ways 
of  Nature,  which  is  dangerous  to  Religion. 
The  inquiry  into  the  order  of  Nature  and 
natural  causes  can  never  fail  to  be  attended 
with  a  display  of  the  Divine  Wisdom:  and  4s 
there  is  a  certain  analogy  between  the  Di- 
vine Attributes,  no  man  can  be  made  averse 
to  the  Word  of  God  by  admiring  bis  works, 
or  raise  objections  against  his  Truth,  from 
the  study  of  his  power  and  wisdom. 

l)r.  Grew,  in  hi$  Anatomy  of  Plants,  in- 
sists 
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aists  well  on  this  argument  **  Nature,'* 
says  he,  ^^  and  the  causes  and  refasons  <lF 
things  duly  contemplated,  naturally  lead  u$ 
nnto  God,  and  is  one  way  of  securing  dur 
Teneration  of  him;  giving  us  not  only  a  ge- 
neral demonstration  of  his  fieing,  but  a  par- 
ticular one  of  most  of  the  qualificatidnii 
thereof— By  the  s^me  means  we  have  a  greatef 
assurance  of  the  excellency  of  his  sacred 
word :  that  he  who  hath  done  all  things  ^o 
transcendantly  well,  mutsit  needs  speak  as  well 

9S  he  hath  done We  may  as  well  deny 

what  God  hath  made  to  be^  a^  what  he  h&th 
spoken  to  be  true,  because  we  understand 
hot  how It  is  not  therefore  t^he  know- 
ledge of  Nature,  but  they  are  the  waiitoii 
fancies  of  men's  minds,  that  dispose  them 
gather  to  forget  God,  o^  to  think  unduly 
of  him  ^.''  So  reasoned  this  worthy  and 
learned  member  6f  the  Royal  Society :  and 
every  person  of  sound  sense  and  literature 
will  agree  with  him,  that  the  triie  interpre- 
tation of  Nature,  vhatevef  that  naay  bcj, 
qiust  be  instrumental  toward  the  confirma- 
tion of  revealed  truth. 

To  those  who  know  the  character  and  writ- 
ings of  the  famous  Roger  B^bon,  his  ejtaiii- 
E  3  pl^ 

-   *  prew's  Anat.  of  Plants,  book  ii«  p*.  79>  SO. 
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pie  will  occur  on  the  present  occasion.  This 
first  of  English  philosophers,  with  his  pro- 
found skill  in  mechanics,  optics,  astronomy, 
and  chemistry,  which  would  make  an  ho- 
nourable figure  in  the  present  age,  waa  in- 
titled  to  this  praise  also,  that  he  made  all  his 
studies  subservient  to  theology,  and  directed 
all  his  writings,  as  much  as  could  be,  to  the 
glory  of  God.     He  had  the  highest  regard 
for  the  Sacred  Scriptures,  and  was  persuaded 
that  they  contain  the  principle^  of  all  true 
science.     H^  had  a  liberal  way  of  consider-, 
ing  -things;    not  adhering  servilely  to  his 
fjubject,  but  using  all  the  sciences,  of  which 
he  was  master,  to  illustratqoixe  another.  But 
his  chief  concern  at  l^st  was  to  turn  all  things 
to  the  advancement  of  Divinity.     It  is  very 
unjust  to  speak  of  philosophy  as  if  nothing 
had  been  known  in  the  science  till  the  last 
century ;  when  in  reality  a  scholar  furnished 
\fi^  no  materials  whatsoever,  but  ^uch  as 
might  be  extracted  from  ^riar  Bacon's  wri- 
tings,  woul^  yet  be  a  very  considerable  per- 
son, and  entitled  to  no  small  degree  of  fame 
among  the  literati  of  the  present  age,  with 
aU  its  improvements.     He  would  excel  as  a 
inathepiatician,  experimentalist,  physician, 
chemist,     artist,    astronomer,    philosopher, 

and 
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And  divine*,  This  is  the  pattern  which,  if  I 
yere  aqi bilious,  I  would  wish  to  imitate ; 
^nd  we  may  adopt  his  manner  and  spirit 
without  pretending  to  his  genius,  which  few 
or  noije  will  ever  inherit.  It  is  not  a  little 
remarkable,  that  tbe  gre^t  I^rd  Bacon,  in  all 
l)is  philosophical  wTitipgs,  has  never  once 
mentioned  the  name  of  Friar  Bacqn,  hin 
names^^ke  and  predecessor  in  thp  s^ipe  line 
of  philosophical  and  unive|rsa][  learning, 
though  he  has  frequently  spoHen  of  Gilbert's 
magnetic  philosophy,  and  m^py  Qther  things 
|ir  less  considerable.  This  was  observed  to 
me  by  a  learned  nobleman,  not  less  acquaint^ 
ed  with  Newton  than  with  Bacon,  who  asr 
^ured  me  he  had  been  at  the  pains  to  exr 
amine  all  Ix)rd  Ba,con'^  waitings  with  this 
particular  view. 

Natural  Philosophy  is  now  a  study  so  much 
jn  repute,  that  little  need  be  added  to  jex- 
plain  the  uses  of  it,  especially  a3  some  obserr 
yations  to  thispui'pose  have  Qcqurred  in  wfiat 
has  already  been  said.  To  the  Poet,  th? 
Orator,  and  pafticvilarly  to  the  Divine,  the 
Jtnowledge  of  Nature  is  necessary ;  and, 
£  4  next 

*  See  the  Life  of  Roger  JBacon  in  the  Biogra|liip  Bri. 
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next  to  the  God  of  nature,  Natotc  itself  t^ 
the  greatest  object  we  have  to  contemplateL 
It  helps  greatly  to  furnish  the  mind  with'  a 
store  of  imagery,  that  reason  may  be  enabled 
to  make  the  most  of  its  powers,  and  that 
things  too  high,  or  too  obscure,  for  the 
mind  to  conceive  as  they  are  in  themselves 
may  be  illustrated  by  means  of  their  alliancq 
to  sensible  objects.  The  Platonists  were  in- 
formed of  this  analogy,  and  excelled  in  mak- 
ing this  use  of  Nature ;  but  we,  who  have 
more  light  now,  may  succeed  still  betten 
In  the  business  of  life,  natural  knowledge 
is  of  essential  service  to  physicians,  cheQiisti^ 
gardeners,  husbandmen,  and  artificers  of 
i&very  kind;  many  valuable  secrets  among 
manufacturers,  being  no  other  than  philo-^ 
sophical  experiments.  Such  persons  may 
not  only  understand  what  is  old,  but  strike 
out  something  new  and  useful,  when  pliilo*- 
sophy  has  enabled  them  to  sec  farther  into 
the  principles  of  their  art,  for  all  art  is 
founded  on  Nature.  Many  remedies  of  dis- 
eases are  putely  philosophical;  and  theii- 
causes  and  theory  are  of  philosophical  consi^ 
deration.  Anatomy  stnd  the  animal  economy 
compose  one  of  the  chief  brancheis  of  physi- 
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plogy.  No  artificer  can  put*sue  his  craft 
without  seeing  how  necessary  some  x)f  the 
^temclnts  are  to  assist  him  in  his  works ;  hqw 
Insufficient  manual  labour  would  be  without 
^ii  concurrence;  what  great  things  are 
already  done,'  and  how  many  more  may  be, 
when  they  are  farther  understood  and  applied. 
It  io  a  capital  distinction  between  operations 
naturat  and  artificial,  that  Nature  penetrates, 
irhrk  Art  stops  at  the  surface.  Hence,  if 
ye  wou^d  work  as  Nature  works,  we  must 
u^  the  agents  which  Nature  uses. 

i  have  now,  as  1  hope,  fully  explained 
the  considerations  which  prevailed  with  me 
t6  write  on  Natural  Philosophy ;  and  I  can 
sincerely  affirm,  that  the  work'  is  rather  a 
work  of  duty  than  of  ostentation,^  to  which 
if  the  reader  is  inclined  to  do  justice,  I  must 
desire  him  to  remeniber,  that  my  whole  scheme 
tsfaoUld  be  taken  together,  and  that  this  book 
5s  but  apart  of  it.  When  I  first  looked  for- 
ward upon  the  plan,  I  had  a  very  different 
idea  from  that  which  presents  itself  to  me  ^ 
now  I  look  back  upon  it.  Had  it  appeared 
then  as  it  does  now,  I  should  have  left  it  for 
some  better  hand  to  execute ;  and  were  I  to 
detain  a  work  of  so  tnuch  difficulty,  und 

compre- 
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comprehending  sqch  a  variety  of  aubj^ts  a^ 

will  be  founcf  in  it,  till  1  could  apprbve  it, 

and  be  satisfied  th^t  I  had  done  what  I  might 

and  ought  to  have  doqe,  it  would  never  cpm^ 

abroad.     I  must  therefore  hope  to  correct 

some   things  by  farther  examination,    and 

shall  never  be  ashamed  to  improve  what  1 

publish,  by  means  of  such  hints  as  frieudly 

information,  or  even  hostile  criticism  itself, 

shall  hereafter  throw  in  my  way.     If  some 

should  neglect  my  philosophical  writings^ 

either  on  the  just  ground  of  their  own  super 

rior  knowledge,    or  froni  lower  motives  of 

vanity,  envy,  or  interest ;  I  know  that  every 

author  must  commit  his  works  to  the  times 

in  which  he  writes,  whether  they  are  favour^ 

able  or  adverse  to  his  undertaking;  and  when 

he  has  launched  his  vessel,  he  must  leave  it 

to  the  chance  of  the  wind  and  the  weather, 

My  mind,    however,    suggests  to  me,  that 

this  book  will  not  be  totally  thrQw^i  asid^ 

and  forgotten.     That  natural  agency  of  the 

elements  for  which  I  have  pleaded,   and 

which  I  hope  to  carry  farther,  (however  im? 

perfectly,)  is  so  reasonable,   so  strilqng,.  sio 

intimately  interwoven  with  the  most  agree-? 

^le  and  interesting  parts  of  lite^tyre^  that 
.......   ..^^ 
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it  must,  when  it  comes  to  be  better  under- 
stood, find  friends  and  favourers  either  in 
this  country  or  some  other,  with  abilities  to 
defend  what  shall  h^ve  been  rightly  done  in 
this  great  subject,  and  to  improve  it  by  their 
pwii  mqre  successful  labours. 
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DISCOURSE   I. 

Of  Matter,  and  the  several  Kinds  of 
Bodies. 

MATTER  i3  that  tangible  substance  wluch 
,  occupies  space,  and  13  subject  to  z 
variety  of  visible  formsL  It  is  either  homo^ 
geaeous  or  heterogeneous;  that  is,  either 
•iinple  oj  compound.  There  are>  indeed, 
very  few  masses  of  matter  that  aae  perfectly 
simple.  M^ny  seem  so,  as  the  water  of  the 
sea,  and  the  mould  of  the  earth;  but  sea-r 
water  has  a  considerable  mixture  of  salt  iu 
it,  with  other  earthy  and  bituminous  parts, 
which  soon  ferment  when  the  sea-water  is 

A 

Stagnant,  and  send  forth  a  foetid  smell.  The 
mould  of  the  earth,  how  uniform  soever  it 
may  appear  by  its  colour,  is.  made  up  of 
earth,  oil,  salt,  watry,  and  metallic  partsu 
Water  may  be  rendered  simple  hy  distilla- 
tion, and  earth  by  burning;  but  ahsiDlute 
simplicity  seems  rarely  to  be  found,  except 
it  be  in  the  matter  of  light  or  fire. 

The 
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The  first  particles  or  principles  of  which 
matter  is  composed  are  atoms j  those  very 
small  invisible  elements  of  bodies  which  can* 
not  be  cut  or  dividedy  for  such  is  the  signifi- 
cation of  the  word  atom.  It  has  been  a 
question^  whether  matter  can  be  infiinitdy 
divided;  tliat  is,  whether,  the  parts  of  any 
given  mass  can  be  multiplied  without  end. 
The  notion  of  an  atom  is  against  this ;  but 
sometimes  we  mean  no  more  by  an  a$om 
tlian  those  small  particles,  the  figures  of 
which  are  proper  to  the  bodies  composed  by 
them,  and  which  can  never  be  changedi  so 
long  as  that  body  preserves  its  nature.  Bo- 
dies may  be  very  much  changed  in  their 
form  and  outward  appearance,  whfle  their 
component  parts  suffer  no  change.  ^What 
can  differ  more  from  itself  than  the  meta:lof 
lead,  in  its  solid  state,  from  the  powder  of 
red  lead  ?  Yet  this  powder  will  easily  revert 
to  its  former  condition  of  solid  lead,  when 
mixed  over  the  fire  with  any  oijy  or  inflam- 
mable matter,  which  the  chemists  callphlo* 
giston.  Even  the  glasaof  lead,  when  ground 
with  chaicoal,  and  melted  in  the  fire,  will 
retun;!  again  to  its  metallic  form. 

Matter  is  capable  of  many  seeming  trans-^ 
formations,  but  no  real  transmutations  have 

ever 
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ever  been  discovered.     Plants  and  animals 
are  not  transmuted  from  the  matter  of  the 
earth  by  which  they  are  nourished ;  because 
the  matter  proper  for  the  .nourishment   of 
any  particular  vegetable  will  be  exhausted 
by  degrees  from  the  soil,  which  could  not 
happen  if  bodies  received  their  growth  from 
the  transmutation  of  particles  originally  ho- 
mogeneous. At  their  dissolution,  both  plants 
and  animals  return  to  the  same  sort  of  vege- 
table earth  out  of  which  they  arose.     An  ar- 
tificial analysis  of  their  composition,  as  well 
as  their  own  natural  decay,  shews  them  to 
be  made  up  of  such  ingredients  as  the  earth 
itself  is,  the  particular  nature  of  which  be- 
longs to  another  subject. 

Constituent  Parts  of  Bodies. 

Atoms,  understood  in  a  grosser  sense,  as 
constituent  parts  of  bodies,  are  distinguished 
by  their  figures ;  some  of  wlrich  are  cubic, 
sofne  in  angular  columns^  some  round,  some 
acute  or  spiculated  :  the  small  grains  of  sea 
salt  and  of  lead  are  cubic,  nitre  is  hexangu- 
lar,  blood  and  oil  are  globular,  corrosive 
sublimate  spiculated,  and  antimony  is  in 
small  filaments  like  neetlles.      Where  the 

discernible 
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disceruilble  iha&aules  of  bodies  have  any  par^^ 
ticular  ligute,  it  is  natural  to  siippose  that 
the  indiscernible  ones,  out  of  which  they  arc 
more  intimately  composed,  naay  have  the 
same,  or  a  similar  figure;  and  that  t^e  figure 
of  the  whole  arises  from  the  figure  of  the 
parts. 

Many  of  the  effects  of  bodies  may  he  na-* 
turally  derived  from  the  configuration  of 
their  particles :  as  for  example,  the  spiculated 
are  sharp  and  corrosive,  piercing  and  wouud-^ 
ing  the  parts  to  which  they  are  applied,  while 
the  globular  are  insipid  and  balsamic.  Hence 
the  spicular  poisons,  a&  antimony  and  subU* 
jnate,  may  be  rendered  inoffensive  by  sheath- 
ing their  points  in  oil  or  wax.  The  powdered 
glass  of  antimony,  by  being  cerated,  that  is, 
mixed  with  a  proper  quantity  qf  melted  bees- 
wax, becomes  a  gentle  and  healiiig  medi- 
cine; though  a  single  grain  of  the  same  pow- 
der, in  its  naked  state,  would  vomit  a  strong 
man  to  death.  Sulphur^  which  when  qold 
is  a  brittle  oil,  has  the  same  effect  in  sheath^ 
ing  the  parts  and  checking  the  effects  of  cor- 
rosive medicines,  such  as  the  preparations  of 
mercury  and  antimony.  The  solidity  and 
fluidity  of  different  bodies  may  depend  in 
some  measure  on  the  figure  of  their  particles, 

the 
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Ihe  globular  composing  fluids,  which  admit 
of  a  free  motion  among  themselves,  while 
the  angular  settle  into  solid  bodies,  whose 
parts  are  immoveable.  But  solidity  and  flu^ 
idity  is  also  certainly  owiiig  to  other  causes, 
because  the  same  mass  will  be  fluid  Or  solid 
under  different  circumstances.  Water  fixes 
into  solid  ice  under  a  certain  degree  of  cold  ♦ 
and  gold  or  iron,  with  certain  degrees  of 
heatj  may  be  made  to  flow  like  oil  or  water: 
whence  it  may  be  collected,  that  these  dif- 
ferent conditions  depend  rather  on  the  stkte 
of  that  elementary  nxatter  which  flows  round 
about  them,  and  is  within  their  pores« 

t)voisibility  of  Matter i 

The  parte  of  inatter  may  be  divided  from 
eabh  other,  without  any  limits  which  we  are 
able  to  determine :  we  may  therefore  allow, 
that  matter  is  indefinitely  divisible ;  but  if 
we  should  affirm  it  to  be  infinitely  divisible, 
we  shall  have  some  monstrous  absurdities  to 
encounter.  Suppose  there  are  two  massea  of 
matter,  A  and.  B,  and  that  B  is  equal  to 
twice  A;  if  the  parts  of  both  these  masses 
are  infinite  in  number,  then  one  of  these  two 
consequences  must  follow,  either  that  the 

VOL.  IX*  J  less 
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Uas  18  e<|ual  to  the  greater,  and  90  a  part 
equal  tp  the  whole;  or  that  we  shall  have  two 
infiuites,  one  of  which  is  but  a  part  of  tlie 
othet^  which  19  contrary  to  all  the  ideas  we 
have  of  infinity.  So  again,  if  the  whole  is 
finite,  while  the  parts  are  infinite,  it  vsmst 
follow,  that  the  parts  are  greater  than  the 
whole;  or,  which  comes  to  the  same,  that 
parts  infinite  in  number  will  compose  a^ 
whole  that  is  finite*  It  is  impossibli;  to 
imagine  the  parts  of  matter  so  far  divided 
but  that  number  may  be  applied  to  meaaurflt 
them,  because  we  can  increase  numbera  vsk 
our  imagination  as  fast  and  as  fa^  aft  we  .c^a 
divide  the  parts  of  matter;  but  hence  it  will 
follow,  that  the  parts  cannot  be  infinite,  he- 
cause  this  will  infer  the  necessity  of  an  infi- 
nite number,  which  is  an  absurdity,  be^ieuase 
it  is  a  number  to  which  you  cannot  add  nme^ 
Mathematicians  are  wont  to  illuBtrate  th^ir 
thoughts  by  lines,  and  their  propertiea;  md 
they  sometimes  give  the  name  of  demo«i»tra* 
tions  to  their  arguments,  when  tb^  ax^ 
tiothingmore  than  illustratioos  or.diagrama^ 
which  express  the  mind  of  the  illustrator,  but 
prove  nothing*  According  to  the  diffiwreok 
lights  in  which  a  subject  is  coiiisider«d»  the 
application  of  difkftaxt  liaes  wiU  lead  $^  eoa- 
«  trary 
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trary  conclusions.    It  would  be  easy  enough 
to  shew,  oh  such  principles,  that  a  given  quan- 
tity of  matter  is  both  finite  and  infinite;  that 
it  may  be  divided  without  end,  and  that  there 
must  necessarily  be  an  end  of  the  division. 
Tlierefore,  it  is  safer  on  many  occasions  to  be 
guided  by  reason,  and  the  nature  of  things, 
9^  least  in  matters  of  argumentation,  than  by 
^ingrams,  which  are  applicable  to  contradic- 
tiotiB,  and  may,  indeed,  be  accommodated  to 
an}rthing.  It  is  also  very  dangerous  to  follow 
Ihei  conceptions  of  the  imagination,  which  are 
Qjfiten  very  deceitful,  and  lead  us  away  from 
?0fOre  rational  parts  of  science,    to  wander 
ftbout  in  IxiTren  regions,  where  there  is  no 
certain  improvement.    The  imagination  may 
9iip|>08e  a  Series  of  musical  sounds,  in  octaves, 
one  ^b^ve  another,    without  end,    and  a 
stiretched  musical  string  upon  a  monochord 
m»y  seem  capable  of  perpetual  bisection ;  but 
ib  fact,  tj]^  ear  is  bewildered  when  sounds 
ai^'cdntiaued  but  a  few  octaves  above  dr 
bdo%r  ^middle  pitch  (jBj)  of  the  musical 
icale.  ^u€h  speculations  axe  of  no  use;  and, 
iFhea  minutely  pursaed,  serve  only  to  de- 
ceive and  perplex  the  understanding. 

How  far  soever  matter  may  be  divisible  in 

i*s  o«m>  ilature,  we  can  conceive  H'O  idea  of 

Fa  its 
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its  composition, '  but  as  it  consists  of  units. 
All  substance  is  measured  either  by  number 
or  weight :  number  is  made  up  of  units,  and 
weight  is  no  practical  measure,  till  some 
elements  are  fixed  upon  as  the  units  of  which 
all  other  weights  are  composed.  We  there- 
fore find  ourselves  under  the  necessity  of 
considering  all  matter  as  made  up  of  atoms 
or  units ;  and  it  is  most  reasonable  to  sup- 
pose, that  all  bodies,  which  are  thfe  same  in 
kind,  agree  in  the  configuration  of  their 
smallest  parts,  and  consist  of  elements  ren- 
dered permanent  and  unchangeable  by  the 
express  design  of  the  Creator;  otherwise, 
the  world  that  now  is  might  differ  widely  from 
that  which  was  made  in  the  beginning :  the 
original  properties  of  bodies  would  be  los^ 
and  new  ones  might  arise  without  end,  and 
without  utility. .  '*  That  nature  (sa:ith  Sir 
* '  Isaac  Newton)  may  be  lasting,  the  changes 
'  *  of  corporeal  things  are  to  be  placed  only 
'Mn  the  various  separations  and  associations^ 
'^  and  motions  of  those  permanent  particles; 
*^  compound  bodies  being  apt  to  break,  not 

•*'  in  the' midst  of  solid  particles,  but  where 
^'  those  particles  are  laid  together,  and  only 
'^  touch  in  a  few  points*." 

Properties 

•   •  ♦  Newt«  Opt.  0^31. 
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Pi^operties  of  Matter, 

,  The  atoms  of  all  matter  in  general  have 
the  following  properties:  1.  Hardness.  2. 
Impenetrability.   3.  Resistance.  4.  Mobility. 

When  we  speak  of  hardness  as  one  of  the 
properties  of  all  atoms,  we  do  not  mean  it  in 
such  a  sense  as  when  we  compare  one  bo<ly 
with  another,  and  say,  this  is  hard  In  re- 
spect of  that ;  but  hardness  absolute,  such 
as  cannot  be  altered  or  wrought  upon  by  any 
violence  from  collision,  attrition,  or  any 
other  external  force. 

Impenetrability  is  a  necessary  consequence 
of  the  formeir  property.  By  this  it  is  meant, 
that  two  units  of  matter  cannot  exist  at  t^e 
same  time  in  the  same  place ;  so  long  as  the 
one  retains  its  place,  it  must  necessarily  ex- 
clude the  other.  Bodies,  however,  may  be 
understood  to  penetrate  one  another's  dimen- 
sions so  far  as  to  be  circumscribed  by  the 
same  space  ;  or,  the  same  space  may  he  un- 
derstood to  comprehend  at  the  same  time  the 
parts  of  Very  different  bodies.  When  copper 
and  tin  are  melted  together,  the  bulk  of  the 
copper  is  so  little  increased  by  the  admixture 
of  the  tin,  that  the  parts  of  the  latter  must 
F  3  have 


70  OJ  Matter^  and  th^ 

have  found  room  to  seat  themselves  within 
the  pores  of  the  former;  and  it  is  probably 
owing  to  this  filling  up  of  the  pores,  that 
the  sound  of  the  mass  is  so  much  improved, 
though  the  brittleness  may  h^ve  some  share 
iji  the  effect.     If  a  vessel  were  to  be  filled 
witli  musquet  balls,  many  interstitial  spaces 
vould  be  left,  which  might  be  filled  with 
sand ;  and  this  also  would  leave  its  vacuities, 
which  might  be  supplied  with  water :  the  wa«» 
ter  in  like  manner  contains  the  particles  of 
air ;  and  air  again  contains  the  particles,  of 
a  fine?  ether,  which  is  every  where  expamied. 
On  this  principle  the  visible  world  is,  filled 
with  niatter:  for  if  grosser  bodies  urc  ex- 
cluded from  any  space,  more  subtile  oiiea» 
which  no  art  can  exclude,  will  be  present  in 
it.     It  cannot  be  proved,  or  reasonably,  sup^ 
posed,  that  there  is  any  point  of  space  with^ 
in  the  limits  of  the  solar  system  dLpable  of 
admitting  a  particle  of  light,  ht  it  either 
within  the  pores  of  solid  bodies,  or  in  the 
free  spaces  of  the  heavens,  but  what  hath 
at  all  times  such  a  particle  in  it.     How  tWs 
is  to  be  understood,  and  how  it  consists  with 
the  free  motion  of  bodies,  will  be  shewn  here- 
after, when  we  come  to  consider  the  ttatoro 
and  causes  of  inotion. 

When 
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Wben  we  allow  a  principle  of  tesistmce  to 
atoini),  we  dd  liot  itieati  it  \xi  sudi  a  sense  as 
if  they  were  made  only  to  be  inert,  and  stand 
in  the  way  :  for,  by  the  eonstitution  of  the 
world,  some  are  so  far  from  resisting  inotion, 
that  in  fact  they  are  already  in  motion,  and 
arc  instrumental  to  the  motion  df  others: 
but  we  mean  only,  that  as  they  have  no  ih- 
nate  powers  of  motion  in  themselves,  they 
must,  in  consequence  of  their  impenetrable 
Jity,  I'esist  any  force  that  is  applied  to  dis- 
place them.     If  we  consider  the  fact  of  re- 
sistance as  it  now  stands,  it  seems  rather  to 
take  place  from  that  certain  determination 
which  all  the  parts  of  matter  are  under,  and 
in  consequence  of  which  they  require  a  fofce 
to  turn  theto  out  of  that  way  which  is  appoint- 
ed ta  them  by  the  established  laws  of  nature. 
How  ikr  any  parcel  of  matter  would  resist, 
if  it  could  be  taken  independent  of  the  pre- 
sent frame  of  nature,  and  what  force  would 
be  requisite  in  such  a  case  td  move  any  given 
quantity  of  matter  in  all  directions  indiffer- 
ently, we  cannot  say,    because  we  cannot 
place  any  matter  in  such  a  state  to  make  the 
trial.     As  things  now  are,  the  actual  resist- 
ance we  find  in  matter  being,  eetteris  pari- 
bus^  in  proportion  to  its  weighty  it  seems  to 
F  4  be 
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be  the  necessary  consequence  of  that  eftect 
which  we  call  gravity  :  so  that  if  any  matter 
can  be  placed  under  such  circumstances,  ^s 
to  be  less  gifected  by  gravity,  (which  is  the 
case  with  bodies  floating  in  a  liquor  of  the 
same  specific  gravity  with  themselves,)  their 
resistance  will  be  lessened ;  and  if  there  be 
any  subtile  fluid  not  subject  to  the  effect  of 
gravity,  such  a  fluid  will  h^ve  uq  sensible 
resistance  at  all, 

Mobility  in  atoms  is  nothing  more  th^ 
a  capacity  of  being  moved  by  any  external 
mechanical  force  applied  to  them  ;  not  that 
they  are  endued  with  any  iaternal  power  of 
moving  themselves.  If  we  should  say,  that 
matter  is  by  nature  inert,  and  resisting,  and 
indifferent  to  motion,  and  then  should  pro- 
ceed to  give  the  s^me  matter  a  disposition  tp 
movp  without  some  external  force,  we  should 
invest  it  at  once  with  power  and  impotepicf , 
with  sluggishness  and  activity,  which  cannqt 
both  be  predicated  of  it  without  contr^ic- 
.  tion.  The  trumpet  hath  a  capacity  qf  sound- 
ing, but  never  till  it  is  sounded :  of  itself  it 
is  dead  and  silent,  and,  as  long  as  left  to  it* 
pelf,  must  always  remain  so.  Matter,  in 
Jike  manner,  hath  a  capacity  of  motion,  npt 
%n  §-bility  to  move ;  neither  doth  any  ms^tt^r 
4  act 
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act  but '  so  far  as  it  is  acted  upan.  Let  qt 
imagine  the  prejjent  laws  of  nature  suspend- 
ed, and  all  matter  anniliilated,  except  one 
single  atom  ;  we  all  confess  that  this  atom 
can  have  no  inclination  to  move  one  way 
rather  than  another,  but  miist  remain  abso- 
lutely at  rest ;  and  all  this  from  its  own  inert 
nature.  If  we  introduce  another  atom  at  a 
diatance  from  the  former,  they  will  both  be 
at  rest ;  for  the  properties  of  matter  are  not 
changed  by  having  two  atoms  instead  of  one. 
I^y  two  trujnpets  near  eaqh  other,  and  you 
will  have  no  more  sound  than  from  one,  till 
you  apply  some  force  which  is  not  natural  to 
either.  To  invest  matter  with  any  innate 
powers  or  self-inclinations  to  motion,  call 
them  by  what  names  you  please,  is  as  con- 
trary to  the  real  nature  of  matter,  as  to  sup- 
pose that  all  trumpets  are  born  with  lips  and 
lungs,  and  breath  of  their  own.  A  stringed 
instrument  has  the  capacity  of  sending  forth 
all  possible  harmony ;  but  it  must  first  be 
acted  upon,  either  by  the  vibratory  motion 
of  the  air  (as  in  the  iEolian  harp),  or  by  the 
hand  of  the  master  immediately,  or  by  the 
interposition  of  a  series  of  machinery.  Such, 
then,  is  the  mobility  of  matter ;  it  is  9,  capa- 
pitjr  of  being  moved  and,  acted  upon,  but  no 

motive 
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motive  faculty  of  any  kind  within  itself; 
tp  allow  which,  would  be  to  make  the  wotld 
an  animal^  and  the  parts  of  it  all  animated, 
as  the  Stoics  of  old  did*.  If  we  affinn  mat- 
ter to  be  inert,  and  desire  to  be  consistent, 
we  must  banish  from  philosophy  all  such 
things  as  vis  attractris,  potentia  quce  inest 
tnatericSi  propria  par ticularum  viresy  earpiMra 
trahentiaj  materiel  vis  superaddita,  materia 
attractvcay  Sec.  &c. 

Properties  of  Bodies. 

The  parts  of  all  matter  whatsoever  have 
the  four  properties  above  described,  which 
four  may,  with  no  great  impropriety^  be  re- 
duced to  the  two  properties  of  hardness  and 
mobility ;  and  it  cannot  be  demonstrated 
that  they  have  any  other  besides  thot^  we 
have  already  explained.  When  the  atoms 
of  matter  are  assembled  into  masses,  and 
form  concrete  bodies,  many  new  4>roperties 
arise  from  their  different  associations.     The 

first 

*  This  notion  was  rerived  of  late  years  by.  Dr^;  Cb^rtOR, 
Author  of  an  Essay  on  Spirit.  He  resolved  all  attractions 
and  repulsions  into  an  animation  of  xnatterj  and  supposed 
them  to  be  the  work  of  certain  souls  and  spirits  resident  in 
aH  natural  bodies,  and  cotnfliissioned  to  act  in  the  sereral 
departments  of  nature. 
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first  of  which  is  divisibility;  for  whatever 
hath  been  accidentally  joined  «ince  the  first 
establishment  of  things  in  their  unchange- 
able principles  at  the  creation,  by  some  means 
or  other  may  be  separated.  No  concrete 
body  has  ever  yet  beeti  founds  which  cam 
resist  the  force  of  ait.  Either  percussion^ 
tension^  trituration,  the  action  of  a  dissolv- 
ing fluid,  which  the  chemists  call  a  men^ 
struum^  and,  above  all,  the  active  power  of 
fire,  will  disunite  the  particles  of  all  con- 
crete bodies. 

There  are  many  combinations  or  compo- 
sitions of  the  primary  parts  of  bodies  into 
secondary  masses,  and  subsequent  decompo- 
sitions of  the  same  in  the  ordinary  course  of 
nature,  by  which  the  condition  of  bodies  is 
very  much  affected.  The  fluid  parts  of  olive 
oil  are  assembled  into  globular  masses  with 
a*  certain  degree  of  cold,  till  with  the  in- 
creasing cold  tlie  whole  becomes  congealed; 
4ind  the  same  are  decomposed  again  with 
heat,  and  refined  and  subdivided  to  such  a 
dfegree  by  a  greater  heat,  that  they  will  pe- 
metrate  the  pores  even  of  iron  itgvlf.  The 
particles  of  serum  are  ^sociated  into  glo- 
bules of  red  blood,  and  the  same  are  relaxed 
i^gaki  aad  scfiarftted  when  the  blood  is  in  a 

broken 
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broken  watry  state.  These  combinations  and 
^separations,  or  compositions  and  decompo- 
sitions, are  to  be  found  in.  other  parts  of  na- 
ture, and,  when  admitted  in  their  proper  ev 
tent,  may  help  us  to  account  for  some  things 
npt  very  conceivable  without  thern^  Expe- 
riments shew,  that  even  air  and  fire  are  ca- 
pable of  fixity,  which  is  no  other  than  an  as- 
sociation of  their  primary  parts  into  a  qui- 
escent state;  and  strange  effects  arise  from- 
their  decomposition,  when  they  are  expanded 
again  into  their  natural  state,  and  become 
volatile.  All  the  changes  wrought  upon  bo- 
dies by  the  operations  of  chemistry  are  re- 
ducible to  these  two,  of  uniting  and  sepa- 
rating the  parts  of  bodies ;  and  infinite  are 
,the  productions  of  art  which  arise  from  these 
two  principles :  but  here  it  is  to  be  under- 
stood, that  these  combinations  take  place, 
not  only  between  atoms  which  are  the  same 
in  kind,  but  between  the  constituent  ele- 
ments of  different  substances,  and  then  an 
infinite  variety  is  the  result. 

Art  will  divide  bodies  into  a  greater  or 
lesser  number  of  parts,  according  to  the  dif- 
ferent constitutions  of  the  bodies  so  divided. 
Such  is  the  subtilty  of  gold,  that,  twelve  mil- 
lions of  its  pcuticles  may  be  demonstrated  tt> 

be 
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be  comprehended  in  the  length  of  one  inch; 
«o  that  if  an  inch  of  length  be  supposed  to 
contain  an  hundred  grains  of  sand,  each 
grain  will  take  up  as  much  room  as  an 
hundred  and  twenty  thousand  particles  of 
gold ;  yet  this  exquisite  division  cannot  be 
supposed  to  have  parried  us  up  to  the  first 
elements  of  which  gold  is  composed.  Thus 
far  its  subtilty  may  be  pursued  by  inspection 
with  a  microscope.  The  method  of  dividing 
it  practically  into  its  smallest  parts,  is  to 
dissolve  and  incorporate  it  by  admixture 
with  some  other  matter.  A  single  grain  of 
gold  mixt  with  a  pound  of  quicksilver  will 
be  so  intimately  dissolved  as  to  be  distri^ 
buted  equally  through  the  whole  massj  and 
on  this  principle  other  metals  are  overlaid 
with  gold.  The  solution  being  rubbed  over 
the  surface,  and  the  mercurial  part  made  to 
evaporate  by  fire,  the  particles  of  gold  are 
left  behind  in  a  very  fine  coat,  inconceivably 
thin,  and  perfectly  covering  the  whole  fiice 
of  the  metal.  If  a  plate  of  brass  or  copper 
be  washed  over  lightly  with  aqua-fortis  in  ^ 
which  pure  silver  has  been  dissolved,  the 
atoms  of  silver  being  separated  from  the 
fluid,  and  precipitated  by  this  application, 
give  a  new  face  to  the  whole  plate,  which 

will 
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will  last  for  many  years.  No  mamial  op«^ 
ration  could  possibly  divide  the  parts  of  gold 
and  silver  to  such  a  degree  of  mtntttencfla^ 
Avery  small  quantity  of  oil  of  vitriol,  mixed 
with  a  very  large  quantity  of  water,  will  bt 
io  equally  distributed  as  to  give  a  senaibte 
acidity  to  every  drop  of  the  water.  As  to 
odours,  which  arise  copiously  from  berdies 
without  diminishing  their  weight,  they  may 
be  occasioned  not  by  an  actual  difFu^oti  of 
the  substance,  but  by  the  modification  of  a 
more  subtile  spirit^  which  is  coniiimaHy 
passing  through  their  pores :  as  an  infitiite 
number  of  parts  evaporate  from  a  baming 
fire  which  were  never  resident  ia  tine  fuct 
but  pass  through  it  by  means  of  the  cam*- 
tinual  accession  of  other  xnaiAer.  C^mplmat 
will  indeed  consume  in  substance  aa  it  gifvea 
its  odour,  till  the  whole  mass  is  ^olAtilisifld 
by  the  air  and  vanishes  away. 

Ductility  is  another  property  pecidmr  t* 
tome  bodies,  by  wliich  it  is  meant,  that  they 
may  be  extended  in  length  or  breadth:  wi^i* 
out  a  separation  of  the  parts.  If  the  matter 
is  soft  and  inclining  to  be  fltiid,  ti^ea  tbiB 
property  is  called  plasticity :  if  it  is  capalile 
of  being  flattened  and  spread  abroad  hf  the 
strokes  of  3  hammer,  tiien  it  \a  termed  mah^ 

hakility. 
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leability.  Gold  has  this  last  property  in  ade^* 
gree  far  beyond  all  other  substances.  Lead, 
copper,  and  silver,  are  also  both  malleable 
and  ductile :  wire  is  drawn  out  very  fine 
both  from  copper  and  silver:  but  of  gold  it 
is  affiirmed  by  Boerhawoe^  that  a  single  grain 
of  it  may  be  stretched  under  a  hammer  till  it 
is  big  enough  to  cover  a  house. 

Opposite  to  ductility  is  brittleness.     Mati* 

ter  which  has  this  quality,  consists  of  parts 

so  posited  that  they  will  not  be  drawn  about^ 

but  fly  asunder  when  any  violence  is  offered 

to  them.     There  is  a  metal  which  in  weight 

and  colour  very  much  resembles  gold,  but, 

being  incurably  brittle,  cannot  be  applied  to 

any  of  the  purposes  of  gold.     Some  other 

metab  in  their  native  state  are  apt  to  be  very 

brittle  and  unfit  for  use,  till  th^  are  cleared 

by  art  c^  their  sulphur,  that  cold  brittle  oily 

whicih  m  mixed  with  them  in  too  largea  pro^ 

portion.     This  is  often  the  case  with  iron, 

to  the  ore  of  which  they  had  some  calcarious 

qr  alkaline  matter  to  absorb  the  sulphur,  an4 

render  the  metal  malleable.     It  may  seem 

strange  that  sulphur,  which  may  be  rendered 

80  fluid  by  heat,  should  be  a  cause  of  brittle^ 

uess:  but  when  it  has  only  such  an  heat  a^ 

will  soften  it,  it  has  no  ductility  anymore 

than 
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than  sand;  and,  when  cold,  will  crack  anil 
fly  either  with  friction  of  the  applicaiion  of  a 
very  gentle  heat.  Of  all  matter  glass  is  die 
most  brittle:  and  it  is  obserred  of  this  and 
other  substances  which  have  the  like  brittle* 
ness,  that  they  generally  break  with  a.po* 
lished  surface  superior  to  any  which  art  can 
give  them,  as  pitch,  rosin,  sealing-wax  j  be^ 
cause  their  parts  are  united  only  by  simple 
contact,  not  by  insertion  or  in^pMcatioii,  as 
bodies  which  are  tough  and  fibrous. 

Many  substances,  which  are  brittle  in  thfcir 
ordinary  state,  may  be  rendered  very,  ductile 
by  heat ;  pitch  and  wax  by  a  veiy  slight,  de-* 
gree,  rosin  by  a  greater,  and  glass  itself  by 
the  heat  of  a  furnace,  when  it  may  be  ex* 
tended  to  any  degree  by  a  blast  of  the  breathy 
and  molded  into  any  kind  of  figure.  If  it  is 
figured  when  cold,  the  parts  are  abraded;  by 
grinding  it  with  water  and  some  hard  pow- 
der, as  sand,  emery,  or  the  powder,  of  dia-> 
monds,  which  frets  and  wears  it  away. 

Elasticity  is  that  property  of  bodies  by 
which  their  parts  are  restored  again  to  their 
natural  figure  and  .position,  when  they  have 
beeff  driven  or  pressed  out  of  it  by  any  vio- 
lence. A  sponge  squeezed  into  t  smaller 
compass,  will  be  expanded  instantly  ta  its 

former 
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hftna  buik  "when  the  fdrc^  is  withdrawn.  A 
ball. of  irory  laid. upon  a  polished  slab  of 
maibitj  will  touch  it  but  iu  a  few  points: 
bnfc  if  it  be  dropped  from  iny  height^  d.nd 
means  are  used^  either  by  oiling  or  wetting 
the  naarbk,  to  mark  the  contact  exactly,  it 
will  be  found  to  make  a  broad  round  spotx 
wkAch  shews  that  the  parts  were  pressed  in*" 
irards  by  the  fall^  and  are  inrinediately  re^ 
s^ed  again  to  their  proper  position^  Wl^a 
we  p(rcst  a  bladder  blown  up  with  air,  we  say 
it  10  elastic ;  but  we  know  that  the  elasticity 
is  not  in  the  bladder,  but  in  the  mediuii 
which  it  contdns  within  it*  And  the  same 
is  true  in  oth^  cases :  elasticity  is  li^ot  in  the 
solid  parts  of  bodies,  but  in  the  fluid  within 
tkdtr  pores;  and  therefore,  as  the  condition 
of  this  fluid  is  altered,  bodies  may  have  their 
dasticity^  and  lose  it,  and  acquire  it  agaiui 
The  spring  of  a  watch,  by  the  application  of 
fire,  may  be  made  as  brittle  as  glass,  or 
straitened^  or  bended  backwards  and  made 
to  exert  its  spring  the  contrary  way.  The 
disposition  or  co^^^^^^i^^  ^^  ^^^  ¥>^d  parts 
inay  in  many  cases  contribute'  to  the  eflSect 
of  elasticity,  though  it  is  not  to  be  imputed 
to  any  power  in  the  parts  themselves. 
Transparency  and  cfMityzxQ  other  pro{>er' 
v«L.  IX.  a  ties 
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ties  of  matter,  which  respect  the.passSige  of 
the  rays  of  light  through  their  substance-^ 
It  is  evident  to  reason,  that  the  atomfl^  or 
units  of  which  bodies  are  composed,  being 
impenetrable  in  their  nature,  must  be.  im- 
pervious to  the  rays  of  light,  how  subtile  and 
powerfiil  soever  the  light  may  be  in  its  own 
nature.  The  light  therefore,  in  its  passage, 
must  penetrate  the  porous  vacuities;  and  it 
will  be  differently  affected  in  its.  passage, 
as  the.  units  are  differently  figured  and  dif-* 
ferently  posited  in  regard  to  their  poses. 
The  rays  of  that  uniform  white  light  by 
which  all  objects  are  rendered  visible  proceed 
in  strait  lines :  but  when  these  rays  are  broken 
and  dissipated  into  a  variety  of  directions, 
.they  no  longer  affect  us  with  the  sense  of 
light.  When  the  interstitial  vacuities  of  bo- 
dies are  so  disposed  that  the  light  can^pre- 
jserve  its*  rectilinear  course  through  them, 
such  bodies  appear  luminous  throughput, 
and  are  visible  in  their  internal  substance: 
but  when  their  constitution  is  such  as  will 
not  allow  a  free  passage  to  the  light,  they 
are  then  visible  only  by  those  rays  which  are 
reflected  from  their  surface,  and  their  inter- 
nal substance  is  opaque  or  dark«  ^  . 
Bodies  not  transparent  in  their  ordinary 
«  state, 
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staiik,  may  be  rendered  so,  either  by  relaxing 
their  parts  with  heat,  so  that  the  light  may 
pass  through  them  more  easily ;  or  by  giving 
some  new  direction,  together  with  an  addi- 
tional force,  to  the  matter  of  light.  ^  Mt. 
Hawksbee,  one  of  the  first  modern  electri- 
cians, was  very  much  surprised  to  find  that 
the  sealing-wax  and  the  pitch  within-side  a 
glass  globe  (that  is,  applied  as  an  inner  coat- 
ing to  one  hemisphere  of  the  globe)  became 
so  transparent  when  the  glass  was  whirled 
about  and  .rubbed  with  the  hand,  that  the 
fingers  might  plainly  be  seen  on  the  other 
side  through  the  coating*.  Oil  is  condensed 
when  cold  into  a  sort  of  globules  impervious 
to  the  light,  and  becomes  as  opaque  as  a 
solid  lump  of  suet :  but  when  these  globules 
are  dissolved,  and  opened  by  the  action^  of 
fire,  the  oil  not  only  becomes  transparent, 
but  appears  as  bright  and  shining  as  if  the 
light  were  a  natural  part  of  its  body. 

Many  heterogeneous  fluids  grow  dark  and 
muddy  with  cold,  but  may  soon  be  clarified 
again  by  the  application  of  a  moderate  heat, 
iled  port  wine  is  sometimes  as  foul  as  if  brick- 
dust  were  intermixt  with  it,  but  will  soon 
o  2  become 

*SceHawksbee'8Experixneaits,p.  168,  169,  Second  edit* 
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become  bright  before  the  fire,  as  if  it  ^^  tit 
sediment  belonging  to  it 

How  pure  and  simple  soevei^  a  body  rojif 
be  in  its  nature,  its  transparency,  will  be  Wst 
if  the  construction  of  its  parts  is-  altered^ 
Water  in  froth,  and  glass  in  powder^  bavt 
no  transparency,  but  instead  of  it  a  supers 
ficial  whiteness.  Froth  is  composed  of  many 
minute  bubbles,  which  reflect  the  light  in  Kr 
many  A^arious  ways,  that  by  the  irregularity 
and  confusion  of  these  reflections  the  tnmftt 
parency  of  the  matter  is  lost.  The  same 
thing  happens  when  water  is  converted  into- 
snow,  which  consists  of  small  concreted 
icicles  branching  out  into  various  figures^ 
The  hoar  frost  also,  consisting  of  the  several 
particles  of  dew  frozen  into  ice,  have  the 
same  white  appearance.  I  suspect  that  this 
intense  whiteness  may  arise  from  a  blending 
of  all  the  colours  of  light,  arising  fiaom  so^ 
many  irregular  reflections  and  refiactiona  of 
its  rays  in  froth  and  snow.  The  powder  of 
glass  is  made  up  of  little  angular  bodies  wi^ 
polislied  surfaces,  which  reflect  the  light  vinr 
riously.  and  produce  the  same  effect  as  iii 
the  bubbles  of  water.  When  water  is  con-^ 
solidated  into  ice«  its  pellucidity  is  nearly 
prcserveil,  because  the  structure  of  its  parts 

la 


is  nearly  libe  same  as  before.  But  if  ice  ii 
irregulatrly  formed,  and  abounds,  as  it  gene^ 
rally  does!^  with  internal  bubbles  of  an  ethe^ 
rial  fluid  separated  and  detained  in  it,  much 
«f  ita  transparency  is  lost^  and  a  confused 
whiteness  succeeds. 

The  quality  of  transparelwSy  is  given  by  a 
wise  ordination  of  Providence  to  that  fluid 
substance  of  water,  which  is  so  necessary  to 
the  life  of  all  animals,  and  is  the  most  con^ 
vcnienf  vehicle  of  meats  and  medicines. 
J5y  seeing  through  it  so  clearly,  we  are  im* 
mediately  informed  whether  any  heterogene- 
ous matters  are  accidentally  intemiixt  with 
it,  which  might  be  contrary  to  the  intention, 
Dr  hurtful  to  the  animal  frame.  We  are 
gabled  to  judge  of  the  purity  of  many  other 
jbodies  by  their  transparency ;  and  their  in- 
trard  constitution  could  never  be  so  th&\\j 
tnown  on.  any  other  principle.  For  this 
property  alone,  glass  is  far  more  valuable 
than  gold :  for  the  valu^  of  gold  is  arbitrary, 
imt  the  worth  of  glass  is  intrinsic;  its  clean- 
lihess  and  transparency  recommend  it  to  our 
fdaily  use  for  the  conmnon  purposes  of  life ; 
it  renders  visible  the  most  curious  and  sub- 
tile processes  in  philosophy  and  chemistry ; 
and  in  optics  it  assists  the  aged^  and  gires 
G  3  to 
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to  man  an  insight  into  the  wonders  of  the. 
creation,  approaching  toward  that  of  superior 
beings.     Whatever  may  become  of  all  the 
strange  relations  about  a  second  sight,  by . 
this  we  have  a  second  sight  which  is  not  fa-  ' 
bulous. 

Matter  is  said  to  be  continuous,  when  tbe 
parts  of  which  it  is  composed  touch  or  rest 
upon  one  another.  When  the  parts  are  con-, 
tinuous  in  solid  bodies,  they  must  all  move 
at  once.  A  stick  of  wood,  or  rod  of  metal, 
cannot  be  moved  at  one  end  without  moving 
the  other  at  the  same  time.  A  musical  string 
extended  vibrates  through  its  whole  length 
when  any  part  of  it  is  struck,  Sound  may 
be  communicated  with  a  facility  which  cau 
scarcely  be  imagined  through  solid  bodies, 
when  their  parts  are  continuous.  If  the 
gentlest  scratching  be  made  with  a  pin  at 
one  end  of  the  largest  and  longest  piece  of 
timber,  it  will  be  heard  distinctly  when  the 
ear  is  applied  close  to  the  other  end.  But 
if  the  parts  are  discontinued,  as  by  a  crack 
in.  a  bell,  or  by  sawing  the  timber  through, 
the  vibrations  are  interrupted,  and  the  sound 
is  dissipated.  Continuity  in  fluids  does  not 
render  it  necessary  that  all  the  parts  should 
be  moved  at  once,  because  they  can  slide 
:  backwards^ 
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b^k^ckwards  and  forwards  beside  each  other, 
so  that  the  vibrations,  being  extended  to  a 
certain  distance,  become  weaker  till  they  va- 
nish; but  the  vanishing  distance  will  be 
greater  in  proportion  as  the  fluid  is  more 
subtile  and  moveable.  In  the  element  of 
light  it  may  be  hard  to  say  where  these  vibra- 
tions will  stop,  when  they  are  propagated 
through  a  pure  medium.  Continuity  is  as 
necessary  to  the  senses  of  feeling  and  seeing 
objects,  as  of  hearing  sounds :  the  blind 
man  feels  what  is  out  of  his  reach  by  means 
of  a  stick,  which  he  uses  as  a  continuous 
medium  betwixt  himself  and  the  object ;  and 
all  vision  ii  but  a  more  refined  sort  of  feeling 
distant  objects,  by  means  of  that  line  of 
light  which  is  extended  from  the  object  to 
the  eye. 

The  particles  of  all  vapours  are  disconti- 
nuous, and,  being  out  of  contact,  can  make 
no  impression  on  one  another,  but  must  de-* 
rive  all  their  expansive  force  from  some  other 
medium,  which  extends  them  with  violcnceji 
whence  they  are  not  found  to  exert  any  force, 
Jbut  with  the  concurrence  of  heat  or  fire, 
and  being  condensed  by  cold,  they  will  ear 
sily  return  into  a  continuous  mass.  How 
far  different  bodies  are  continuous  by  their 
o  4  construe- 
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to  man  an  insight  into  the  wonders  of  the. 
creation,  approaching  toward  that  of  superior 
beings.  Whatever  may  become  of  all  the 
strange  relations  about  a  second  sight,  by 
this  we  have  a  second  sight  which  is  not  fk-  ' 
bulous. 

Matter  is  said  to  be  continuous^  when  the 
parts  of  which  it  is  composed  touch  or  rest 
upon  one  another.  When  the  parts  are  con-, 
tinuous  in  solid  bodies,  they  must  all  niiove 
at  once.  A  stick  of  wood,  or  rod  of  metal, 
cannot  be  moved  atone  end  without  moving 
the  other  at  the  same  time.  A  musical  string 
extended  vibrates  through  its  whole  length 
when  any  part  of  it  is  struck.  Sound  may 
be  communicated  with  a  facility  which  cau 
scarcely  be  imagined  through  solid  bodies, 
when  their  parts  are  con'tinuous.  If  the 
gentlest  scratching  be  made  with  a  pin  at 
one  end  of  the  laigest  and  longest  piece  of 
timber,  it  will  be  heard  distinctly  when  the 
ear  is  applied  close  to  the  other  end«  But 
if  the  parts  are  discontinued,  as  by  a  crack 
in.  a  bell,  or  by  sawing  the  timber  through, 
the  vibrations  are  interrupted,  and  the  sound 
is  dissipated.  Continuity  in  fluids  does  not 
render  it  necessary  that  all  the  parts  should 
be  moved  at  once,  because  they  can  slide^ 

backwards^ 
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Ittckwards  and  fonirards  beside  each  other, 
sathat  the  vibrations,  being  extended  f o  a 
certain,  distance,  become  weaker  till  they  va- 
nish; but  the  vanishing  distance  will  be 
greater  in  proportion  as  the  fluid  is  more 
subtile  and  moveable.  In  the  element  of 
light  it  may  be  hard  to  say  where  these  vibra- 
tions will  stop,  when  they  are  propagated 
through  a  pure  medium.  Continuity  is  as 
neccssafy  to  the  senses  of  feeling  and  seeing 
objects,  as  of  hearing  sounds :  the  blind 
man  feels  what  is  out  of  his  reach  by  means 
of  a  stick,  which  he  uses  as  a  continuous 
medium  betwixt  himself  and  the  object ;  and 
all  vision  is  but  a  more  refined  sort  of  feeling 
distant  objects,  by  means  of  that  line  of 
light  which  is  extended  from  the  object  to 
the  eye. 

The  particles  of  all  vapours  are  disconti- 
nuousj  and,  being  out  of  contact,  can  make 
no  impression  on  one  another,  but  must  de- 
rive allr  their  expansive  force  from  some  other 
medium,  which  extends  them  with  violence^ 
whence  they  are  not  found  to  exert  any  force, 
but  with  the  concurrence  of  heat  or  fire, 
and  being  condensed  by  cold,  they  will  ea- 
sily return  into  a  continuous  mass.  How 
far  different  bodies  are  continuous  by  their 
o  4  construe* 


1 

1 

1 

4 


I 
I 

\ 

-ft 

i 


I 


Several  Kinds  of  Bodies,  8ft 

their  sides,  are  comprehended  within  the 
square  ABCD  ;  but  when  they  touch  with 
their  angles,  they  cannot  be  contained  but 
in  the  square  E  H  L  M,  whi  eh  is  twice  A  B  C  D^ 
^  mathematician  will  see  how  this  may  bo 
earned  on  farther ;  and  he  will  likewise  ob? 
serve,  that  the  particles  may  be  relaxed  from 
f heir  lateral  disposition,  or  contracted  fron* 
their  angular,  to  all  the  intermediate  dimen-* 
sions.  Cubes  may  be  composed  of  pyramids^ 
and  they  again  may  be  composed  of  similaj 
pr  dissimilar  figures;  and  as  these  partake 
Ignore  of  the  lateral  or  the  angular  disposition, 
the  dimensions  of  the  maqs  may  be  change^ 
falmost  to  ^ny  degree,  and  the  contact  of  the 
parts  still  preserved.  As  the  parts  of  bodies 
can  touch  each  other  only  at  their  surfaces  j 
find  as  surfaces  are  so  very  much  increase4 
>rhen  the  parts  are  farther  decomposed,  many 
unexpected  phaenomena  may  arise  from  such 
decompositions.  When  any  substance  is  anair 
Jyzed  by  a  dissolving  menstruum,  the  satu* 
ration  may  be  sooner  effected  on  this  account- 
It  may- follow  likewise,  that  when  the  sol* 
vent  is  rarefied  by  heat,  it  will  hold  more  of 
the  dissolved  parts  in  suspension,  and  that 
livhen  it  is  contracted  in  its  dimensions  by 
cold,  a  precipitation  may  follow  mechani- 
3  cally. 
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cally.  These  observations,  though  inclining 
to  conjecture,  are :  sufficient  to  shew,  that 
though  a  mass  of  matter  is  very  much  altered 
in  its  dimensions,  its  continuity  may  still  be 
uninterrupted. 

There  is  another  way  of  considering  mat- 
ter, so  as  to  account  for  its  extension,  with- 
out supposing  it  to  lose  its  continuity.  The 
down  of  a  thistle  is  composed  of  a  central 
particle,  which  is  the  seed,  furnished  with 
elastic  radii ;  while  these  lie,  in  what  we  may 
call  thtiv  Jixed  statCy  within  the  calyx  of  the 
mother  plant,  a  vast  number  of  them  is  com-* 
prehended  in  a  very  small  compass :  but  when 
they  are  relaxed  or  rarefied,  as  in  their  vo- 
latile state,  a  bushel  might  be  filled  with 
what  lay  in  a  few  cubic  inches.  The  force 
with  which  a  medium,  consisting  of  such 
parts,  would  resist  compression,  ^ould  be 
more  or  less  according  to  the  elasticity  of 
the  radii  attached  to  the  central  particles ; 
and  if  we  suppose  all  the  radii  disjoined  and 
independent  of  their  centres,  the  condition 
of  the  medium  will  be  very  different. 

Gravity  not  essential  to  Matter^ 

Another   very   considerable   property  of 

mattet 
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msi^tfiT  is  gravity  OT  weight;  which,  though . 
vesy  eiBLtensive,  is  rather  an  accident  to  mat*; 
tera  than  essential  to  its  nature.  For  cer-: 
tainly  all  matter  has  not  weight.  Bodies 
differing  in  kind  do  not  preserve  a  constant 
relation  to  each  other  in  respect  of  weight,, 
when  they  are  in  different  forms^  and  dif- 
ferently acted  upon.  It  is  the  nature  of 
iron  to  sink  in  water  with  a  superior  specific 
gravity;  but  the  atoms  of  irpn  will  be  sus- 
pended in  water.  Sulphur  will  sink  in  oil; 
but  if  the  oil  be  heated  to  a  proper  degree^ 
(w)th  which  heating  it.  is  rarefied^  and  be-* 
comes  specifically  lighter,^  the  atoms  of  sulr 
phur.will  ascend  and  be  suspended  in  it  for 
ever,  so  as  to  constitute  a  medicine  of  eini-? 
nent  service  both  for  internal  use.  and  exter- 
nal application..  The  same  is  observable  in 
other  bodies :  whence  it  is  found,  that  rela? 
tive.  weight  is  a  variable  thing,  and  that 
atoms  in  a  state  of  separation  are  not  affected 
by  it,  as  when  they  are  formed  into  masses, 
and  compose  bodies. 

Were  gravity,  essential  to  matter,  all  mat- 
ter would  constantly  tend  (or  at  least  pre- 
serve a  tendency)  towards  its  proper  centre. 
The  matter  near  the  earth  would  all  tend 
toward  the  earth,  and  resist, every  other  di- 
rection. 
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faction.  The  matter  iicar  the  sun  would  al| 
itend  toward$  his  orb.  But  this  ig  by  no 
means  agreeable  to  paturc.  Here  upon'  fbarth 
jkhe  electrixr  6uid^  a  sort  of  matter  wliicb 
Kems  to  fill  the  worlds  and  is  of  such  con- 
sequence that  it  spems  to  be  the  life  apd  iou)[ 
which  invigorates  all  the  rest,  will  move  in 
^very  direction  indifferently  j  and  fire,  when 
agitated,  is  rather  disposed  to  ascend  in  a  dit- 
section  contrary  td  that  of  heavy  bodiesu  Ii| 
the  regions  near  the  sun,  the  n^atter  of  hifii 
light  is  flying  off,  that  is,  ascending  fipoin  hi^ 
orb  incessantly,  to  replenish  the  winrld'anc} 
lact  upon  the  planets.  Therefore  matter, 
considered  in  itself,  is  indifierent  to  every 
direction  ;  which  indeed  is  very  clearly  in^* 
jriied  in  what  all  modern  philosophers  have 
allowed,  that  it  is  indifferent  to  motion ;  be* 
cause  all  motion  must  be  in  some  direction, 
and  we  are  obliged  to  suppose  motion,  before 
we  can  suppose  direction.  If  matter,  as 
such,  has  no  motion  of  its  own,  it  has  no  dj* 
rection.  If  it  is  found  in  fact  to  incline  to  . 
•6ne  direction  rather  than  another,  on  acr 
count  of  what  we  call  its  weight,  this  hap* 
pens  to  it  from  the  established  constitution 
'Of  the  world,  and  the  operation  of  external 
leauses ;  not  from  any  quality  inherent  in  the 

matter' 
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mttUlt  itself.  Though  fire,  in  its  iiMural 
$tai»f  has  no  weight,  it  may  be  so  attached 
by  the  operations  of  chemistry  4:o  the  parte 
of  solid  matter,  as  to  partake  of  their  pro- 
perty, and  increase  the  weight  of  the  whole 
mass  conwderably  by  gravitating  togeth^, 
with  it  Some  modern  chemists  have  sup^ 
posed,  that  matter  deprived  of  its  inflamma* 
Me  principle  is  absolutely  heavier  than  he- 
fore;  which  is  only  to  express  the  same  thing 
another  way  :■  for  they  suppose,  that  the  in- 
Sammable  principle  naturally  resident  in  itv 
ina4e  it  absolutely  lighter  before  the  opera- 
tion of  c3,lcination;  we  silppose  that  the  fix*' 
ity  of  ^re  makes  it  absolutely  heavier  after 
the  operation:  in  either  case,  its  absolictc 
gravity  is  a  mutable  thing,  and  therefore  not 
essmtiat  to  the  matter. 

Polai^ity  of  Atoms. 

A  very  ingenious  modern  chemist,  who  has: 
carried  the  experiments  of  chemistry  to  a 
great  height*,  ascribes  to  the  primary  con- 
stituent parts,  or  atoms  of  solid  bodies,  a 
certain  physical  direction,  which  he  calls  po^ 
^rity,  asr  being  analogous  to  that  property 

*  Dr.  Higgins. 


'94  Of  Matter /and  the 

Df  the  magnetic  needle,  whicH  occasions  it 
to  take  a  polar  direction-  It  is  not  meint 
'that  the  atoms  of  bodies  are  turned  north  dr 
south  by  the  influence  of  the  elements  upon 
'them;  but  that  when  the  loose  parts  of  bo- 
dies are  brought  together  into  a  concrete 
mass,  those  parts,  if  undisturbed  during  their 
t^ttlement,  take  an  orderly  arrangement, 
-which  is  the  consequence  of  an  uniform  di- 
rection in  them  all. 

On. this  principle  crystals  are  formed  diit 
of  fluids;  and  hence  it  is  that  hortio^etteolis 
masses    have    the .  same    specific    densities 
throughout  their  whole  substance.     If  na- 
ture is  interrupted   during  the  specific;  *at- 
tangement  of  the  parts,  the  concrete  will  not 
he  perfectly  formed,  but  will  fail  in  some  <rf^ 
its  properties.     So  nice  and  critical  ati  ope- 
ration is  the  arrangement  of  the  parts  which 
form  sonorous  bodies,  that  even  the  barkings 
of  a  dog,  as  I  have  been  informed,  will  hurt^ 
the  tone  6f  a  bell,  if  it  happens  while  the  cast^ 
jnetal  is  settling  in  the  mould. 

When  bodies  are  increased  by  a  very  sloi(0 
accession  of  parts,  which  is  generally  th^ 
case  in  all  the  stated  operations  of  natUi'e— ^ 
the  parts,  as  they  fix  themselves,  have  timi^ 
to  assume    that  ordedy  direction  which  t^  • 

necessar  ^^ 
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^necessary  to  their  permanent  cohesion.  Hence 
the  stony  particles  which  are  slowly  precipi- 
tated from  petrifying  waters,  are  formed  into 

•  concretes  which  are  as  hard  as  stone  itself, 
and,  if  the  parts  are  pure  enough,  wilLcom- 
pose  a  solid  which  takes  a  polish  like  the 
finest  marble.  . 

Many  appearances  are  produced  in  bodies, 
to  which  this  slow  uninterrupted  motion  is 
absolutely  necessary.  Melted  glass  cools  in- 
to a  transparent  uniform  solid,  when  removed 
in  its  fluid  state  from  the  fire  into  the  open 

.  air :  but  if  left  at  rest  to  cool  gradually  as 
JthiB  fire  goes  out,  it  is  formed  into  figured 
crystals;  of  which  there  is  a  curious  account 
by  Mr.  Keir,  in  N"*  34.  Vol.  lxvi.  of  the 
Philosophical  Transactions.  I  inquired  con- 
iteming  this  fact  of  Mr.  Tassie,  an  artist  who 
has  had  much  experience  of  all  the  chemical 
'preparations  of  glass  and  enamel.  He  as- 
4sured  me  he  had  frequently  observed  this, 
•when  the  glass  and  the  fire  were  permitted  to 
-groi^  cold  together. 

Visibility  the  Consequence  of  Foinnation. 

The  visibility  of  matter  seems  not  to  be  a 
necessary  consequence  of  its  creation,  but 
^  -    .  only 


\ 
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oaly  of  it%  formation.  The  smallest  paiticici 
dr  atoms  of  matter^  in  a  state  of  solution^ 
are  invisible.  A  mineral  water,  strongly 
impregnated  with  iron,  is  clear  and  transfia^ 
rent  as  any  other  water;  though  the  particles 
of  the  metal  are  copiously  distributed  through 
the  whole  body  of  the  fluid.  As  soon  ai 
they  begin  to  concrete  into  masses,  by  thd 
addition  of  an  astringent,  they  shew  them* 
selves:  the  water  which  before  was  clear  bfc* 
comes  turbid,  and  by  degrees  turns  nearly  as 
black  as  iiik.  3y  the  reverse  of  this  c^ra* 
lion,  ink  itself,  with  the  addition  of  aitrong 
acid,  will  be  turned  into  a  colourles3  waten 
The  sky,  though  retaining  a  very  large  qiian*' 
tity  of  Avater  in  it,  preserves  its  clearness  80 
long  as  the  moisture  is  in  a  state  of  solution: 
but  as  soon  a«  the  atoms  of  water  are  assem^ 
bled  together  in  masses,  by  means  of  some  prc^ . 
vious  change  in  the  temperature  or  density  of 
the  air,  the  sky  is  overcast,  and  becomeil  dark 
and  cloudy*  The  visibility  of  matter  there- 
fore commences,  when  it  concretes  and  as- 
sumes a  form :  so  long  as  it  is  formless,  it  is 
also  invisible.  The  chaos,  in  its  primeval 
state,  is  said  to  have  been  without  form  ;  for 
which  sense  the  Greek  version  uses  the  w6rd 
t^e£l&0  invisible :  and  the  scripture,  referring 

elsewhere 
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elsevhere  to  this  condition  of  the  world,  tells 
us,  that  things  which  are  now  seen^  were  not 
made  of  things  that  do  appear;  the  meaning 
of  which  is,  that  visible  fbrms  were  composed 
of  invisible  atoms* 

Mythological  Doctrines  concerning  Matter. 

Though  matter  is  no  object  of  our  know- 
ledge but  in  its  formed  state,  we  are  never- 
theless obliged  to  understand  a  kind  of  first 
matter y  out  of  which  all  the  visible  form^ 
are  raised,  and  into  which  they  return  at 
their  dissolution.     The  ancient  philosophers 
of  the  heathen  world  carried  this  speculation 
very  far,  supposing  the  first  matter  to  be  ho- 
mogeneous, and  accommodated  to  the  form- 
ation of  all  sorts  of  bodies  indifferently;  and 
they  had  various  ways  of  expressing  it  in  their 
mythology,  a  science  in  which  their  religion 
and  philosophy  were  represented  together,  in 
a  sort  of  mystical  expression  common  to  both 
subjects,  because  their  God  was  no  other 
than   Nature.     Their   Saturn'  signified  this 
bidden  and  secret  state  of  matter,    out  of 
which  all  visible  forms  are  generated,  and 
into  which- they  sink   again;  whence  this 
djaty  is  reported  to  have  devoured  his  ov^n 
VOL,  jx.'  U  children. 
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diilciren.     This  decay  of  the  forms  being 
tlie  work  of  time,  Saturn  had  also  the  names 
of  Xf opil^  or  JCfoi/®..     He  is  fabled  to  have 
bfe'en  married  to  Ops,  because  matter,  when 
united  to  form,  becomes  visible;  and  Opsjs 
called  the  mother  of  the  gods,  because  their 
'gods  were  the  elements  in  a  formed  state, 
and  were  no  objects  of  worship  to  them  till 
they  were  visible.     The  Saxon  idol,  Seater^ 
had  the  like  meaning,  and  was  represented 
^ith  symbols  expressive  of  his  physiological 
character.    Proteus,  another  of  the  heathen 
deities,    was  also  a  name  for  Jirst  matter; 
^hich  being  capable  of  all  forms,  Proteii^  is 
therefore  invested  with  the  faculty  of  trans-* 
forming  himself  into  all  shapes,  and  assum- 
ing the  appearance  of  all   the  elements*: 
The   Satyrs^  or  Sylvan  deities,    had  much 
the  same  signification  with  Saturn,  to  wh6m 
tliey  were  nearly  allied  in  name:  and  hence? 
they  are  said  to  have  hid  themselves  in  vMw 
kn  equivocal  word,  which  means  either  mat^ 
'"  ter  (Jr  a  wood. 

The  Pythagoreans  were  full  of  this  philq — 

sophy^ 


ille  suae  contra  non  immemor  artis. 


Omnia  transformat  sese  in  miracula  rerum^ 
Igrieinque,  noriibilemqae  ferain,  fluviuroque  liqoentcir» 
'■  ' Virg.  Gedrg.  iv, '44Cr 
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iophy,  irhich  they  borrowed  from  the  Egyp- 
tians, who  seem  to  have  been  the  first  pro- 
prietors. They  held,  that  the  general  stock 
of  matter  in  the  world  is  indifferent  to  every 
form,  and  that  all  the  elements  are  transmut- 
able  into  one  another  reciprocally  *  :  that 
an  eternal  roumi  of  generation  and  corrup- 
tion is  kept  up;  so  that  nothing  perishes,  but 
only  changes  its  appearance :  that  as  fast  as 
one  form  vanishes,  another  rises  out  of  the 
same  mass.  Thus,  when  a  carcase  putrifies; 
animal  life  arises  from  it  in  another  form  ; 
and  on  the  «ame  principle  of  equivocal  ge- 
neration,' a  swarrp  of  bees  may  be  generated 
irpm  the  entrails  of  an  ox,  when  you  have 
not  so  much  as  a  single  bee  to  begin  with. 
How  far  this  philosophy  is  false,  and  how 
H  2  far 

*  This  philosophy  is  delivered  in  the  15th  Book  of  Ovid's 
^/letamorphoses,  the  sum  of  which  is  expressed  in  th^  fol. 
lowing  lines  : 

lode  retro  redeunt,  idemque  retcxitur  ordo. 

i rerdmquc  novatrix 

Ex  aliis  alias  reparat  natura  figuras ; 

Necperit  in  tanto  quidquam  (mihi  credite)  mundo* 

Nonne  vides  quxcunque  mora  fluidove  calore 

Corpora  tabuerint,  in  parva  animalia  verti  ? 

I  qoDqae  delectos  mactatos  obrue  tauros  ; 

Cognita  res  asu,  de  putri  viscere  passim 

Tlorilcgx  nascuntur  apes, ; ■■     ■■■ 
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far  it  is  both  true  and  useful,  I  do  not  here 
take  upon  me  to  distinguish.  Some  doc- 
trines of  great  importance  were  built  upon 
it,  particularly  the  metempsychosis,  or  trans- 
migration of  souls,  and  the  eternity  of  the 
world;  both  of  them  very  bad,  and  peculiar 
to  the  philosophy  of  idolaters.  In  this  ar- 
ticle their  philosophy  was  certainly  false, 
that  all  the  matter  in  the  world  is  homoge* 
neous ;  for  there  is  undoubtedly  an  essential 
and  radical  distinction  between  the  elements 
of  which  bodies  are  composed  :  so  that  nei- 
ther artifice  nor  violence  can  ever  transmute 
earth  into  water,  or  lead  into  gold ;  whence 
the  labour  of  the  alchymist  is  no  better  than 
a  dreani. 


DIS- 


DISCOURSE  IL 
On  the  Nature  and  Causes  of  Motion. 

THE  world  is  a  great  machine,  subject  to 
a  variety  of  motions,  some  of  which  are 
constant,  and  others  variable  and  temporary. 
All  the  elements  are  in  motion  :  the  matter 
of  the  earth  is  constantly  passing  into  the 
substance  of  trees  and  plants,  and  as  con- 
stantly returning  from  them  again  in  their 
dissolution  ;  the  sea  is  moved  with  tides  and 
currents  ;  the  air  is  agitated  with  winds  and 
storms ;  and  th^  light  is  flowing  from  the 
sun,  stars,  and  planets,  to  the  utmost  boun- 
daries of  the  universe. 

If  we  inquire  after  the  first  and  original 

cause  of  all  this  motion,  that  cause  can  be 

no  other  than  the  power  of  God.    The  whole 

creation  bears  witness  to  the  existence  and 

efficacy  of  this  power  j  but  it  is  not  ^-equired 

of  us  to  explain  in  what  manner  it  exerts 

itself.    When  we  say  that  Go(l  anim?ites  the 

world,  as  the  soul  animates  the  body,  we  il- 

p  3  lus^trate 
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Instrate  what  is  unknown  by  what  is  equally 
unknown  ;  and  we  can  make  no  just  compa* 
rison  betwixt  any  two  ideas,  but  of  such 
things  as  are  known  to  us  in  a  sensible  man- 
ner. It  is  therefore  sufficient  to  say,  that 
as  matter  did  not  make  itself,  so  neither  can 
it  move  itself;  which  is  thS  same  as  to  say, 
that  its  motion  must  commence,  and  be  con- 
tinued, by  the  power  of  God.  It  is  no  moro 
necessary  that  existence  should  imply  motion, 
than  it  was  necessary  for  nothingness  to  pass 
into  existence. 

But  when  we  consider  God  as  the  cause  of 
motion,  it  is  not  to  be  understood  that  he 
acts  as  the  immediate  cause  in  all  the  opera-^ 
tions  of  nature.  ''  Certain  it  is,"  (said  the 
great  Lord  Bacon,)  ^'  that  God  worketh  no^ 
**  thing  in  nature  but  by  second  causes  :  and 
*^  if  we  would  have  it  otherwise  believed,  it 
*'  is  mere  imposture,  as  it  were  in  favour 
^*  towards  God;  and  nothing  else  but  to 
**  offer  to  the  Author  of  truth  the  unclean 
**  sacrifice  of  a  lie.'"^ 

Chain  of  Causes.  . 
Observation  teaches  us,  that  th^re  is  in  the 

*  Adv.  of  Learning,  p.  5, 
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world  a  chain  of  cause?, '  each  depending  op 
the  other,  and  all  subordinate  to  the  power  of 
the  Creator,  To  follow  this  chain  of  c^use? , 
either  by  descending  from  the  greater  to  the 
less,  or  by  ascending  from  the  less  to  tjje 
greater,  is  the  proper  business  pf  philospphy  ; 
and  though  the  several  dependencies  in  this 
grand  machine  may  in  some  cases  be  either 
too  refined  for  our  comprehension,  or  too 
renriote  for  our  observation ;  yet,  so  farastl^e 
jsystem  of  nature  is  intelligible  by  us,  it  mii^t 
be  considered  as  other  machines.  In  a  watpb, 
the  first  spring  of  motion  is  very  i^emote  from 
the  indei^  which  points  to  the  hour,  but  y^t 
connected  with  it  all  the  way  by  the  suece^^ 
give  contact  of  wheels  and  pinions,  which 
act  as  so -many  immediate  causes  to  one  an- 
other, and  all  of  them  dependent  on  the. 
elastic  force  of  the  spring.  If  you  ask, 
what  is  jelasticity?  you  get  above  the  prp- 
vince  of  the  watch-m^ker  into  that  of  the 
philosopher ;  the  former  of  whom  may  ai^- 
Bwer.all  the  end^  of  his  profession,  ^nd  be  ^ 
very  good  watch-m^ker,  without  bqing  able 
to  assign  the* physical  cause  of  elasticity^ 

In  the  human  frapie  there  is  the  same  J^ii^d 

of  dependence  as  in  other  machines,    ^h.e;^ 

*  veip  is  opened  in  the  arm^  and  the  \}l9^ 

u  4  flows 
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flows  out,  the  physician  argues,  that  the  ve- 
nal blood  is  propelled  from  the  extreme  parts 
by  the  force  of  the  arterial  blood,  which 
again  is  projected  by  the  heart,  which  is  kept 
in  motion  by  the  lungs,  whose  respiration 
depends  upon  the  air.  Yet,  after  all,  this 
xnechanisn^  is  of  no  effect  without  the  mus- 
cular motion  from  a  principle  of  life;  which 
consideration  brings  us,  at  one  more  step,  to 
the  union  of  the  soul  with  the  body ;  a  sub- 
ject above,  the  reach  of  the  physician,  and 
not  necessary  to  his  profession ;  insomuch 
that  the  Lecturer,  who  in  Surgeons-hall 
should  be  bringing  it  in  at  every  turn,  in 
order  to  account  for  the  construction  and 
mechanism  of  ^he  body,  would  be  thought 
to  have  very  widely  mistaken  the  nature  of 
his  subject. 

Thus  also  in  the  macrocosm,  or  world  at 
large,  we  may  be  able  to  trace  an  effect 
through  a  series  of  causes,  till  we  come  to 
one  at  M^hich  we  must  stop,  because  philoso- 
phy will  carry  us  no  farther.  When  the  tor- 
rent descends  from  the  mountains,  we  go  for 
the  immediate  cause  of  it  to  the  rain,  which 
rain  is  supplied  by  the  clouds,  which  clouds 
are  formed'  of  vapours,  which  vapoury  are 
made  buoyant  by  the  air,  and  raised  by  the 

light, 
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light,  which  light  is  sent  forth  hy  the  action 
at  the  orb  of  the  sun ;  and  when  we  have 
got  thus  far,  we  have  reached  what  appears 
to  us  to  be  the  first  mover  in  the  visible 
world.  How  this  is  connected  with  the  in- 
visible fountain  of  all  life  and  power,  or  how 
it  stands  related  to  his  immediate  agency,  it 
is  not  necessary  to  inquire,  because  it  cannot 
possibly  be  known.  Thus  much  will  always 
be  certain,  that  as  matter  has  no  active  pro-  ^ 
perties  of  its  oAv^n,  its  motion  must  both  ori- 
ginate and  continue  by  the  influence  of  in- 
visible power ;  but  in  applying  this  rule  to 
particular  case?,  we  must  admit  that  limita- 
tion prescribed  by  the  poet. 

Nee  Deus  intersit,  nisi  dignus  vindice  nodus 


Inciderit  - 


It  is  the  proper  business,  and  ought  to  be 
the  pleasure  of  divines,  to  insist  upon  the 
influence  of  invisible  power  ;  but  the  mode 
of  that  influence  being  inscrutable  to  philo- 
sophers,, they  should  never  recur  to  miracle, 
till  the  mechanism  of  the  world  will  carry 
them  no  farther.  The  grand  question  with 
them  is  only  this.  How  some  matter  acts 
upon  other  matter,  for  the  production  of 
those  motions  which  we  observe  in  the  seve- 
lal  parts  of  nature } 

Nature 
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Nature  to  be  comidereda^  a  connected  System. 

It  answers  no  purpose  to  consider  tl^e  mp^ 
tiou  of  any  single  body  3.bstvactedly,  ajs  a. , 
thing  by  itself,  if  there  is  in  fact  no-  3uch 
motion  to  be  discovered.  Speculations  whic^i 
carry  us  out  of  the  world,  can  never  teach 
us  how  things  are  conducted  in  the  world. 
Nature  appears  to  be  a  system  of  parts  con- 
nected and  related,  and  every  particular  part 
of  it  should  be  considered  under  this  rela- 
tion ;  without  which,  neither  the  natote  nor 
the  design  of  it  can  be  understood.  Take 
the  leg  of  a  man,  and  consider  it  without 
any  regard  to  the  body  it  belongs  to:  it  will 
then  have  no  meaning  in  it ;  neither  can  he 
that  examines  it,  understand  any  thing  more 
of  it  than  its  substance  and  figure,  which  is 
only  to  know  that  it  has  matter  and  fornj, 
But  if  you  consider  the  same  member  wit)i 
its  relation  to  the  body,  then  all  the§ie  won- 
derful things  discover  themselves  tq  us  at 
once  :  first,  that  its  vessels  are  supplied  with 
the  animating  fluids  of  blood  and  spirit^, 
which  keep  up  anipial  life  in  it :  secondly, 
that  its  muscles  axe  connected  with  the  su- 
perior parts  from  wheince  they  derive  their 
6  faculty 
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feculty  of  motion  :  thirdly,  tliat  it  is  framed 
with  due  strength  and  exact  proportion  to 
the  weight  of  the  body,  to  preserve  it  in  an 
erect  position,  and  to  transport  it  from  place 
to  place :  fourthly,  tliat  it  is  enabled  to  dp 
this  effectually  by  its  relation  to  the  eyes, 
which  receive  light  to  direct  all  the  motion* 
of  tlie  body  to  their  proper  ends.  A  limb 
considered  under  jthese  relations  becomes  a 
wonderful  subject,  well  worthy  to  be  admir^- 
ed  by  the  anatomist  and  the  philosopher: 
but  if  you  take  it  out  of  the  body,  and  con- 
sider it  abstractedly,  it  is  dead,  motionless, 
and  useless ;  except  to  the  cannibal  who 
could  make  a  meal  upon  it. 

The  difference  will  be  much  the  same,  if 
any  member  of  the  frame  of  nature,  even  so 
much  as  a  single  atom,  is  taken  independent 
of  the  rest  Matter  subsisting  as  a  part  of 
the  created  world,  has  motion ;  but  if  separ 
rated  from  the  rest,  it  would  have  no  more 
ttiotion  than  a  limb  divided  from  the.  body : 
so  that  he  who  would  understand  the  nature 
of  motion  by  taking  matter  abstractedly,  \^ 
studying  motion  from  that  which  hath  nq 
motion  belonging  to  it.  If  we  proceed  thus, 
we  shall  not  only  deceive  ourselves,  but  be 
great  sufferers  by  losing  sight  qf  the  true    , 

con^ 
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construction  of  nature;  and  if  we  build  a 
system  upon  matter  so  independently  con* 
sidered,  we  shall  raise  such  a  world  as  never 
did  nor  can  exist ;  and,  after  all  our  pains, 
will  be  as  empty  as  it  is  arbitrary. 

If  we  would  account  for  the  motion  there 
is  in  the  world,  it  must  therefore  be  taken 
as  a  connected  system  :  effects  must  be  con- 
sidered as  they  stand  related  to  their  proper 
causes ;  and  as  motion  is  not  a  cause,  but  an 
effect,  there  can  be  no  motion  without  a 
cause  of  motion.  If  the  effect  is  permanent, 
the  cause  must  be  so  too;  otherwise  we  shall 
relapse  into  the  absurdity  we  are  avoiding, 
by  supposhig  an  effect  of  which  there  is  ne 
cause.  It  is  by  no  means  necessary  that 
there  should  be  but^one  cause  of  motion  act- 
ing on  a  body  at  the  same  time,  On  the 
contrary,  it  is  very  evident  there  is  fre- 
quently fi  concurrence  of  causes  contrir 
buting  to  the  same  effect.  A  ship  may  be  at 
once  moved  by  the  wind,  the  tide,  and  the 
cause  that  acts  on  projected  bodies,  what-; 
ever  that  may  be.  When  the  wind  ceases, 
the  tide  may  continue  to  act ;  and  if  that 
also  should  stop,  the  cause  of  projection  will 
still  keep  up  the  motion  till  the  equilibriunx 
is  restored. 

Paralk} 
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Parallel  between  Life  and  Motion. 

It  was  feigned  by  Descartes,  the  French 
philosopher  of  the  last  century,  in  order  to 
make  the  world  a  mere  independent  machine, 
that  natural  bodies  are  indifferent  to  motion 
or  rest;  that  if  at  rest,  they  will  continue  so; 
if  in  motion,  they  will  continue  to  move  till 
they  are  stopped  by  some  new  force.     But  if 
this  doctrine  is  transferred  to  a  parallel  case, 
it  will  make  ^  very  strange  figure.     Life  is 
an  effect  as  truly  as  motion  ;  and  as  no  body 
can  continue  to  live  without  the  constant 
operation  of  those  causes  which  are  acting 
for  the  support  of  life,  so  no  inanimate  body 
can   continue  to  move  without  the  proper 
causes  of  motion.     When  we  are  told  that 
bodies  are  indifferent  to  rest  or  motion,  we 
learn  no  more  than  if  it  were  said  in  other 
words,   that  they  are  indifferent  to  life  or 
death :   and  if  we  should  go  on,  upon  this 
principle,  to  assert  that  a  body  once  moved 
will  move  always  unless  there  is  something 
to  stop  it,  we  shall  be  as  much  mistaken  as 
if  we  should  affirm  that  the  body  which  lives 
once,   will  therefore  necessarily  live  on  till 
something  interposes  to  kill  it.    In  account- 
ing 
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ing  for  the  nature  of  human  life,  we  should 
be  thought  to  assign  a  very  mean  reason, 
were  it  to  be  urged,  that  a  man  lives  to-day 
only  because  he  lived  yesterday :  for  there 
are  certain  physical  principles  on  which  ani- 
mal life  is  preserved,  and  without  which  it 
cannot  possibly  subsist.  It  i§  true,  the  prin- 
ciples of  animal  life  are  not  very  simple,  nor 
in  all  respects  investigable ;'  yet  reason  as- 
sures us,  that  life  must  cease,  and  that  in- 
stantly, when  these  are  no  longer  present. 

We  must  argue  in  the  same  manner  about 
motion;  that  a  body  continues  to  move, 
only  so  long  as  the  natural  causes  of  motion 
continue  to  act  upon  it;  and  that  rest,  which 
is  mechanical  death,  must  inevitably  follow 
when,  the  causes  of  motion  are  no  longer 
present  to  it.  There  may  be  subtile  cases, 
in  which  it  is  as  hard  to  trace  the  cause  of 
motion,  as  to  shew  why  life  remains  for  some 
time  in  an  animal  body  under  water  without 
respiration;  but  still  the  general  assertion 
must  be  true,  that  every  effect  must  have  its 
cause,  and  that  if  the  effect  is  permanent, 
the  cause  must  be  so  too.  If  life  were  pre- 
served ill  any  human  body  without  air  in  the 
lungs,  or  any  remaining  vital  warmth  at  the 
heart  to  keep  up  the  fluidity  of  the  blood, 

this 
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this  would  be  an  absolute  tniracle,  not  to  be 
accounted  for  by  any  principles  of  mecha- 
nism,   nor  resolvable  into  the  doctrine  of 
physical  causes.     And  it  would  be  as  great 
a  miracle  if  an  inanimate  body  were  to  move 
permanently  without  any  permanent  cause ; 
or  what  is  worse,  it  would  rather  seem  to 
exclude  the  possibility  of  miracles:  and  I 
cannot  but  wonder  it  was  never  duly  consi- 
dered by  modern  philosophers,  that  neither 
the  power  nor  the  providence  of  God  are 
necessary  to  that  body,  which  moves  to-day 
only    because    it   moved   yesterday.      This 
principle  leads  naturally  to  Atheism,   and, 
.  vith  very  little  difference,  is  the  principle  on 
Vhich  the  Greek  Atheists  built  their  system ; 
they  gave  to  atoms  an  oblique  motion  with- 
out any  permanent  cause;  which,  togethet 
with  innate  weight,  essential  to  their  con- 
istitution,   carried  them  through  the  wholfe 
course  of  their  performances  in  the  natural 
world* 

True  philosophy  will  instruct  us  better; 
that  God  is  the  source  of  motion,  as  strictly 
as  of  life;  that  all  things  inove  in  him,  as  all 

intelligent 

•  Epicurus  ait  atomum,  cum  pondere  et  gravitate  directa 
deorsus  feratur,  patilolUjn  declinare.  Cic.  de  Nat,  Deor, 
lib.  i.  25 » 
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intelligent  beings  live  in  him;  that  there* 
fwe,  neither  life  nor  motion  can  lemain  for 
one  moment,  but  so  long  as  they  depend 
either  on  his  own  immediate  power^  or  on 
such  means  as  that  power  hath  established  in 
subordination  to  itself.  Where  we  can  ob- 
serve and  understand  these  means  or  inter- 
mediate causes,  it  is  not  necessary  to  recur 
at  every  step  to  the  primary  cause:  and  as  it 
is  the  constant  and  ordinary  method  of  Di- 
vine Power  to  work  with  natural  means, 
reason  M^ill  require  us  to  understand  them, 
whether  we  can  observe  them  or  not.  The 
body,  which  we  now  project  with  ease  to  a 
great  distance,  would  be  removed  no  farther 
than  the  hand  carries  it,  unless  there  were 
some  power  always  in  action,  and  ready  to 
continue  its  motion;  till,  by  the  interven- 
tion of  other  natural  obstacles,  it  is  brought 
to  a  state  of  rest.  We  cannot  be  at  a  loss 
for  a  power  adequate  to  such  an  effect,  when 
we  consider  that  the  agent  which  occasions 
gravity  and  cohesion  is  always  present. 

Difficult  Case  of  a  Pendulous  Body  considered. 

Let  us  examine  this  matter  more  particu- 
larly.    We  suspend  a  body  by  a  lin«  or  rod, 

and 


an^  call  it  a  petidulumj  and  every  pel^SDii 
kiiOMrs  what  mbtion  it  is  capable  of.  A  bckiy 
thus  suspended .  describes  an  atch  ;   itt  ohd 
half  of  which  it  descends,,atid  ascends  iuth£ 
other.     We  all  allow  that  it  descends  to  th^ 
lowest  point  of  the  arch  by  the  pdwer  of  gra- 
vity; hilt  we  cannot  agree  so  well  what  hap- 
pens when  it  gets  beyotid  that  point.     Does 
it  fall  by  the  cause  of  gravity^  and  Hse  agaiii 
by  nd  cause  at  all  ?  If  you  say  it  rises  by  thd 
thotiotl  it  has  acq[uired  in  fallings   I  ask, 
what  isthismotibti?  It  istiothifig  but  aU  ef- 
fect; and  to  say  that  it  moves  by  motion,  is 
to  say  nothing  at  all :  for  motion  is  hot  a 
thiug  by  itself,  as  philosophers  seem  very 
falsely  to  have  considered  it;  it  is  not  a  qua- 
lity which  a  body  ean  get  possession  of,  and 
tun  away  with;  it  is  a  mere  effect,  and,  as 
tach,   must  be  referred  to  some  cause,  or 
given  up'  as  unintelligible.    But  to  return  to 
our|>eiidulum:  you  will  say  it  cannot  rise 
by  the  power  of  gravity,  because  that  is  in- 
tonsistent  with  the   direction   of  gravity^ 
However,  notwithstanding  this  apparent  dif- 
ficulty, I  am  persuaded  that  the  same  power 
thich  naturally  carries  a  body  downwards^ 
I  ^IH  carry  it  any  way  according  to  the  cir- 
I  ctmtstanccs  of  the  case:  for  is  not  the  whole 
V0L4  IX.  I  '  arch 
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arch  of  a  pendulum  described  out  of  the  line 
of  gravity,  except  the  first  and  last  points  of 
it?    In  falling  to   the  lowest  point  of  the 
arch,  it  moves  for  a  little  time  very  nearly 
in  the  tangent  of  its^  curve,  at  right  angles^ 
to  the  line  of  gravity ;  or,  in  other  words, 
its  gravity  gives  it  motion  in  a  horizontal 
direction :  and  if  thus  much,  why  not  all  the 
rest?   Why  must  it  leave  the  body  at  one 
point  of  the  tangent  line,  and  not  continue 
to  act  upon  it  in  the  same  line?    If  we  can 
keep  the  cause  and  the  effect  together  ever 
so  little  on  the  other  side  the  perpendicular, 
the  difficulty  is  over:  then  the  body  perform^ 
the  whole  course  of  its  vibrations  by  one 
and  the  same  cause;  and  the  reciprocations 
we  observe  in  the  moving  body  are  first  in  a 
medium,  whose  vibrations  are  continued  with 
infinite  freedom.     This  is  more  satisfactory 
than  that  other  sort  of  reasoning,  which  as- 
signs a  cause  for  one  half  of  the  motion,  and 
a  laxv  (which  cannot  execute  itself)  to  ac- 
count for  the  other  half;  and  that  there  is  a 
certain  mathematical  point  at  which  they  are 
miraculously  changed  one  for  the  other.    If 
the  difficulty  of  making  a  body  rise  by  gra- 
vity should  shock  us,  let  us  word  the  matter 
right,  and  say  it  rises  by  the  came  of  gravity* 

or 
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<^t  if  this  will  not  satisfy,  let  us  remember 
that  the  cause  of  its  cohesion,  which  is  in- 
decfi  but  the  same  medium,  is  always  present 
to  the  body  in  every  instant  of  its  motion, 
and  is  equally  adequate  to  t|ie  effect:  if  it 
w:ere  not  present,  its  parts  would  be  sepa- 
?ated  by  the  resistance  of  the  air,  and  the 
cause  of  gravity  would  cairy  them  to  the 
earth.  Upon  the  whole,  motion  is  either  a 
cause  or  an  effect :  it  cannot  be  a  cause,  for 
this  reason,  that  nothing  can  be  the  cause 
of  itself;  and  if  it  is  allowed  to  be  an  effect, 
then  all  the  consequences  will  follow,  as  they 
are  above  laid  down. 

Causes  may  he  infetred  by  Rational 
Deduction. 

.  Sometimes  the  bodily  senses  are  able  to 
discover  the  relation  between  the  effect  and 
its  proper  cause;  and  sometimes  reason, 
grounding  itself  on  past  experience,  will  be 
able  to  do 'the  sam^.  When  the  mercurial 
fluid  rises  an  inch  higher  to-day  in  the  tube 
of  a  barometer  than  it  stood  yesterday,  we 
neither  see  nor  feel  the  cause  of  this  altera- 
tion; but  we  come  at  it  by  very  sure  deduc- 
tion, in  the  following  manner:  we  discover, 
I  2  ty 
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by  experirtieiit^  that  theToiticelliali  VaetrtMb 
is  filled  by  the  column  of  merciiiy,  till  tlic 
mercury  becomes  a  counterbakiice  td  the 
pressure  of*  the  eicteriidl  air;  and  thit  the  &ir 
is  the  impellirig  cause,    Which  driven  the 
mcrctlfy  up  into   the  tube,    and  ktefii^'it 
ftUspettded  there.    Hence  we  cdhclude>  that 
ah  alter^tidn  in  the  air  has  occasioned  all 
alteration  in  the  tube;  ind  that  thfe  prel^Bure 
of  the  atmbsphete,  being  istboiit  ohfe  thirtieth 
part  greater  to-day  thdii  it  was  yfesterdny, 
drives  the  hiereury  so  much  higher,  till  it 
tbmes  to  ah  equilibrium.     In  the  saihe  way 
most  of  the  other  motions  that  ar^  jft  the 
world  may  be  referred  to  their  proper  causes, 
either  by  immediate  experiment,  or  rational 
deduction.     It  does  not  follow  that  no  ma- 
terial cause  is  concerned  in  any  particular 
effect,  only  because  we  neither  itt  ttbr  feel 
its  opei-ation.    There  are  many  obvious  cases 
iii  which  the  cause  of  motion  may  bfe  W 
signed  with  certainty,  though  it  is  liol  pet- 
ceived  by  any  of  the  outward  s^iise^;  ^iiid 
partly  for  this  reason,  beciuse  that  whi^h  fe 
manifest  in  sdme  iiistahces  is  occttit  m  others^ 
iafad  distinguishable  only  by  rational  idedttfe*^ 
tion.     When  a  thermoih'etet  is  held  bfeforife^ 
the  fire,  Ave  discover-,  by  its  rising,  thiat"th#5 
4.  ^r^ 
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fire  enter3  tbie  pores  both  of  the  glass  at)4 
the  inclosed  fluid ;  which  being  thereby  exr 
pandedy  and  increased  in  its  din^e^sions^  ner 
cessarily  rises  higher  in  the  tube.  Here  the 
cause  is  sensibly  known,  becausje  wierleel  the 
dement  of  fire  by  its  heat,  and  see  it  by  itg 
light.  The  like  motion  is  observed  in  91 
lesser  degree,  when  the  thermometer  is  place4 
in  the  vacuum  of  an  air  pump,  though  no 
culinary  fire  is  near,  neither  does  the  light 
of  the  sun  act  upon  it;  yet,  though  tlie  ther- 
mometer rises  only  one  or  two  degrees,  a 
quantity  too  small  for  the  human  body  to  be 
sensible  of*,  we  l^arn  the  cause  of  this  ii^ 
other  more  open  experiments,  and  cai^  thence 
infer  with  certainty,  that  fire  is  present  i^ 
wiiat  we  caU  a  vacuum,  to  produce  its  na- 
tural effect  of  expansion ;  although  it  doej 
not  discover  its  presence  to  the  senses  pf  the 
body. 

J)ifferent  Sorts  of  Motion. 

If  we  proceed  next  to  the  different  kinds 
I  3  of 

*  This  is  not  accarately  true  under  all  circumstances ;  be. 
caase  the  body,  in  a  warm  bath,  will  distinguish  a  difference 
^  one  oS  Fahrenheit's  degrees,  oi  even  half^i  degree  with 
l^tice,  when  the  temperature  of  the  bath  is  near  the  tem- 
l^tare  of  the  blood ;  as  I  have  found  by  experience. 
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of  motion  which  are  observed  in  the  common 
course  of  nature,  it  will  appear,  that  there  is 
scarcely  any  such  thing  to  be  found  as  uni" 
form  motion  in  a  right  line.     When  a  body 
descends  from  the  air  toward  the  earth,  its 
motion  is  not  uniform,  but  continually  ac- 
celerated ;  which  must  be  the  case  with  every 
body  that  is  acted  upon  by  an  unremitting 
impression.     The  wheel  which  is  moved  by 
the  impulse  of  a  stream  of  water,  begins  to 
stir  at  first  with  a  very  slow  motion,  and  pro- 
ceeds to  acquire  new  velocity,  till  the  impe- 
diments are  a  balance  to  the  impelling  force: 
after  which  it  moves  uniformly,  but  with  a 
velocity  different  from  what  it  received  at 
the  first  impression,  and,  as  near  as  may  be, 
when  all  interruptions  are  allowed  for,  to  the 
velocity  of  the  stream  which  gives  it  motion. 
The  motions  observable  in  nature  are  gene- 
rally in  curve  lines.     The  wind  blows  with 
a  serpentine  motion,  as  may  be  discerned  by 
tracing  its  impressions  over  a  plain  covered 
with  snow,  or  over  a  field  of  standing  corn. 
The  water  of  the  sea  is  driven  into  waves, 
which  rise  and  fall  alternately ;  the  fire^  of 
lightlying  descends  in  crooked  lines  or  zig- 
zags: the  clouds  fly  in  a  curve  parallel  t^ 
the  surface  of  the  earth :  the  planets  mov^ 

in^ 
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m  orbits,  with  a  velocity  not  uniform  in  any 
one  of  them ;  projectiles  are  alternately  re- 
tarded and  accelerated,  if  their  direction  is 
above  the  level  of  the  horizon.  The  light 
indeed  does  move  in  right  lines,  but  whe-^ 
ther  its  velocity  is  uniform  at  very  great  dis- 
tances from  its  source,  has  not  yet  been  as- 
certained. 

Motion  of  the  Parts  of  Fluids  progressive 
and  vibratory. 

And  here  it  may  be  seasonable  to  note,  that 
fluid  mediums  are  affected  by  two  kinds  of 
motion,  either  by  an  absolute  progression  of 
the  parts  proceeding  continually  forwards, 
as  in  the  current  of  a  river ;  or  by  a  vibra- 
tion propagated  along  them,  without  an  ac^ 
tual  progression.     Of  this  latter  sort  is  the 
motion  of  the  sea  before  the  wind ;  for  it  is 
not  to  be  imagined,  that  the  matter  of  the 
wave  which  you  see  a  mile  off,  proceeds  with 
the  same  succession  as  the  figures  of  them  are 
propagated  from  thence  to  the  shore.     The 
air  in  the  form  of  wind  moves  progressively ; 
but  in  the  form  of  sound  it  is  vibratory  ;  it 
has  an  undulatory  motion  propagated  through 
it  without  a  progression  of  the  parts  :  and 
I  4  what 
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what  is  ^ery  extraordinary,  the  air  may  be 
affected  by  both  these  motions  at  once,  with , 
little  interruption  to  each  other.  The  sound 
of  a  cannon  will  be  propagated  several  milea^ 
in  a  direction  transverse,  or  even  opposite  to 
that  of  a  storm  of  wind :  and  the  Florentine 
philosophers  made  some  experiments,  to  shew 
that  sound  is  propagated  with  the  same  velo- 
city against  the  wind,  as  with  it ;  but  I  have 
hpard  this  contradicted  by  a  gentleman, 
whose  situation  gives  him  an  opportunity  of 
making  many  observations  on  the  guns  «a 
frequently  fired  upon  the  Warren  at  Wool-; 
wich. 

In  a  fluid  so  much  more  subtile  and  elastic 
than  air,  as  that  of  fire  or  light  undoubtedly 
is,  many  different  aflfections  may  obtain  for 
different  purposes,  and  all  be  consistent  with 
each  other.    Light  and  heat  are  two  of  these 
different  affections,  and  yet  they  can  both 
take  place  so  as  to  interfere  with  very  little   , 
interruption.     The  rays  of  light  will  convey/  * 
the  images  of  objects  through  a  space  vio^ 
lently  agitated  with  heat ;  though  it  must  be 
observed,  that  in  such  a  case  the  rays  are 
affected  laterally  with  a  vibratory  motion. 
The  same  fluid  in  electric  experiments  will 
pass  freely  in  a  current  from  one  end  to  the 

other 
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other  of  an  iron  bai',  when  it  is  heated  red 
hot  in  the  middle,  where  it  might  be  expect- 
ed to  fly  off,  on  account  of  the  rarefaction 
of  the  medium ;  but  there  are  reasons  why 
the  atmospherical  pressure  would  confine  it 
there,  as  in  other  parts  of  the  bar.    The  un^* 
dulations  of  water  will  pass  through,  and 
seem  to  penetrate  each  other  in  opposite  di^^ 
rections.    If  a  stone  is  cast  into  a  still  watery- 
waves  will  be  propagated  in  circles,  the  com-* 
mon  centre  of  which  is  the  point  where  thp 
$troke  was  made ;  and  if  the  same  be  repeated 
with  another  stone  at  a  little  diatance,  circles 
will  be  generated  as  before,  and  extieud  them* 
selves  through  the  former,  without  seeoiiiig 
to  disturb  the  figure  of  th^m,  wh^ch  is  ai^ 
effect  of  so  subtile  a  nature,  that  it  is  hard 
to  compreheiid  how  it  can  be  done,  though 
we  see  it  with  our  eyes.     But  such  is  the 
freedom  of  motion  in  the  parts   of  fluids, 
that  they  are  capable  of  Receiving  and  re-* 
taining  such  impressions  as  seem  to  be  in-i 
consistent     The  air  will  bring  to  our  eara 
at  the  same  instant  of  time,  and  from  various 
pointsofthe  compass,  or,  wh^tismore  strange/ 
from  the  same  point  of  the  compass,,  the  mu^r 
^c  of  an  organ,  the  roaring  of  cannon,  the 
?ffiging  of  bells,  and  the^  crying  -of  §win€  j 

and 
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and  all  of  them  shall  be  heard  as  distinctly 
at  once,  as  if  they  were  heard  in  succession. 
The  rays  of  liglit  can  intersect  each  other 
lirith  so  much  freedom,  that  if  we  imagine 
a  concave  sphere  studied  with  eyes,  all  look- 
ing at  each  other,  the  visual  rays  would  cross 
in  the  centre  without  interruption  :  and  this 
is  in  some  measure  verified  by  the  rays  pro- 
ceeding in  all  directions  from  the  fixed  stars,: , 
which  are  shining  upon  each  other  in  every 
quarter  of  the  heavens.    I  produce  all  these 
examples,  to  shew  that  the  same  means  may 
be  answering  many  different  purposes  at  the 
same  time,  without  confusion ;  and  that  it  is 
therefore  unphilosophical  to  be  multiplying 
causes  wantonly,  in  order  to  account  for  the 
different  phaenomena  of  motion,  all  of  which 
may  be  referred  to  very  few  and  simple  causes. 
As  to  the  motion  of  the  rays  of  light,  it 
has  been  doubted  of  what  kind  it  is ;  but  I 
think  without  any  reason.      Spme  philoso- 
phers have  contended  for  an  actual  progres- 
sive motion  of  the  parts,  as  in  the  stream  of 
a  river ;  others,  for  a  vibration  or  pulsion  of 
the  rays  without  progression  :  the  former  wa^ 
espoused  by  Sir  Isaac  Newton,  and  is  the 
more  reasonable,  because  it  is  natural  thera 
should  bfe  such  a  circulation  of  matter  in  th^ 

greater 
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greater  world,  as  in  that  lesser  one  of  the  ani- 
mal frame ;  and  nobody  is  now  in  doubt 
whether  the  blood  has  a  progressive  motion 
through  the  vessels  of  the  body.  That  light 
is  not  also  propagated  by  pression,  especially 
where  it  appears  without  proceeding  from  any 
centre  of  irradiation,  I  would  not  hastily 
affirm ;  because,  as  it  hath  already  been  ob- 
served, it  is  very  possible  that  the  element 
of  fire  may  be  capable  of  affections  as  differ- 
ent as  those  of  wind  and  sound  are  in  the 
element  of  air,  one  of  which  motions  is  pro- 
gressive, the  other  vibratory:  and  perhaps 
this  hint  might  lead  to  some  probable  solu- 
tion of  the  physical  difference  between  the 
rays  of  the  sun  and  those  from  the  moon, 
the  latter  of  Avhich  cannot  be  so  concentrated 
by  any  optical  instrument,  as  to  afford  a 
sensible  degree  of  heat, 

Motion  is  in  the  Direction  of  its  Cause. 

When  we  consider  motion  as  an  effect  aris- 
ing from  impulse,  it  will  always  be  found 
that  a  body  receives  its  motion  in  the  same 
direction  with  the  cause  that  acts  upon  it. 
If  the  causes  of  motion  are  various,  and  in 
different    directions,    the  body  acted  upon 

must 
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nmst  take  an  oblique  qr  compound  ^iree- 
^ion,  resolvable  into  two  or  more  simpjie  di- 
rections :  and  hence  it  will  follow,  that  the 
cause  of  a  curvilinear  niotio^  cannot  possibly 
be  simple.  3uch  a  direction  mujst  ^rise  froH) 
the  joint  eflfect  of  different  causes  cpQCurring 
at  the  siame  instant  to  act  upou  the  bpdy; 
inasmuch  ^s  aU  simple  impressions  (on  bodi€$ 
moving  freely)  are  rectilinear.  » 

As  all  motion  is  in  the  dir^ctioj^  ^f  ite 
cause,  it  will  thence  follow,  ih^t  wheriesoever 
we  see  a  body  movipg  in  any  direction,  we 
)Tiay  aiHrm  there  is  a  caus^  .^^cting  upoa  it  ia 
the  same  direction.  If  >ve  see  a  sfeip  in  jnor 
tipn  a)L  ^  distance,  we  conclude  jthat  sl)e  if 
gx3ted  upon  by  the  yfiv^d  'm  the  direcf;^pii  of 
Jier  course,  or  accordipg  to  the  po^jtipo  of 
Jjer  js^ls.  If  there  is  ho  vind,  then  w€  are 
obliged  to  suppose  that  slje  is  driven  by  | 
current  in  the  same  direction :  for  some  cause 
there  must  be,  and  we  kuow  of  none  other  at 
sea  but  these  two ;  at  least  of  no  other  na- 
tural  causes.  So,  if  light  bodjies  pipve  Qut- 
waids  from  au  electrized  spheie^  i^e  coa- 
>clude  that  they  are  driven  by  a  currfBt  of 
(slecti'ic^il  ^ther  proceeding  fjrom  the  spherp 
^vtxy  W5i.y  iji  right  lines.  Wheu  we  see  tite 
ilike  ibodk^  mpyiug:  iQward^  tow^4  tht^^herc; 

aft 


as  to  their  coihitioii  c^Att-fe,  we  ttiuit  either 
conclude^  m  we  did  bef^dre^  that  there  is  an^ 
oth*r  flu3i  of  iriattef  in  tt  cotitmry  direciion 
to  the  former,  or  give  Up  one  of  the  plainest 
pritiieipleis  in  all  philosophy,  th«  ftiotioti  te 
in  the  direction  of  its  cfeu»e.   Bodies  moving 
in  contrat-y  directions  must  th^Mfore  infer 
caui€«  in  cdntrftfy  dli*ections*      1  know  it 
may  be  said,  that  a  ship,  by  her  manner  of 
tacking)  may  sail  in  contrary  directions  with 
the  same  wind ;  but  thin  is  no  objection  to 
the  rule,  which  relates  Only  to  i^uch  bodies 
ai  m^efredy^  and  without  any  artificial  in- 
terruptions^.    Were  the  ship  at  liberty,  as  a 
ido^ti^g  body   in  the  state  of  nature,  she 
Wduid  follow  the  course  of  the  wind.  There- 
fott^  electriEed  bodies,  which  have  nothing 
16  Ab  with  the  theory  of  navigation,  and  are 
W;  liberty  to  follow  their  natural  motions, 
must  infer  the  actioh  of  causes  in  opposite 
diirections.     When  a  comet,  in  like  manner, 
Iravertes  thfe  heavens  in  an  orbit  so  eccentrit 
aeto  proceed  in  Contrary  directions,  we  must 
infer,  as  before,  that  it  is  brought  toward  the 
Bun  by  one  eause,  and  carried  away  from  it 
by  another ;  which  two  causes  may  possibly' 
be  those  to  which  we  have  given  the  names 
of  Jwitive  and  negative  electricity. 

This 
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This  principle,  that  all  motion  is  in  the 
direction  of  its  cause^  fenders  all  attraction 
impossible  in  the  nature  of  things,  and  re* 
solves  it  necessarily  into  impulse  ;  for  if  the 
earth  attracts  a  stone  by  a  power  in  the  earth> 
then  that  power  must  exert  itself  in  a  direc* 
tion  contrary  to  that  of  the  effect ;  whence 
all  attraction,  commonly  so  called,  can  be 
nothing  but  impulse.  When  a  plaster  is  laid 
upon  any  part  of  the  body,  and  the  humours 
flow  towards  it,  the  plaster  is  skid  to  draxvy 
as  if  it  had  an  attractive  power  of  its  own, 
which  it  could  emit  to  produce  the  effect, 
but  the  fluids  are  all  the  while  impelled  to- 
wards it  by  a  force  from  within,  which  we  call 
the  vis  vitce^  propelling  the  fluids  toward  that 
part  where  there  is  less  resistance,  or  greater 
rarefaction.  The  same  plaster,  with  all  its 
drawing  virtue,  will  have  no  effect  at  all,  if 
it  is  applied  to  a  dead  body. 

In  the  motion  of  different  bodies,  it  is  ob- 
servable, that  some  retain  the  motion  they 
have  acquired  without  any  diminution,  while 
others  are  soon  reduced  to  a  state  of  rest. 
When  a  body  retains  its  motion  without  di- 
minution, it  is  moved  by  such  a  cause  or 
causes  as  would  renew  its  motion  if  by  any 
means  it  should  be  stopped.     When  a  cloud 

is 
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is  flying  before  the  wind,  the  same  wind  that 
drives  it  would  restore  its  motion,  if  it  could 
be  stopt  by  any  violence :  even  as  the  sails 
of  a  windmill,  after  you  have  brought  them 
to  a  state  of  rest,  and  confined  them  there, 
will  receive  a  new  motion  from  the  wind  as 
soon  as  the  obstruction  is  removed.  If  you 
stop  the  motion  of  the  lungs  by  an  effort  of 
the  muscles,  the  natural  causes  which  act 
upon  the  body  tend  to  renew  their  motion, 
and  cannot  be  hindered  from  doing  it  with- 
out great  uneasiness. 

Lasting  Motions  of  Nature  are  from  such 
Causes  as  would  renew  Motion. 

Every  lasting  motion,  therefore,  is  of  such 
a  nature,  that  it  will  be  renewed  upon  its 
own  principles :  which  observation  is  of  very 
great  importance  toward  accounting  truly 
for  the  undecaying  motions  of  the  universe, 
to  all  of  which  it  may  undoubtedly  be  ex- 
tended :  so  that  if  it  were  possible  to  stop  the 
planet  Jupiter  in  his  orbit,  or  any  of  his  sa- 
tellites, the  established  causes  that  act  upon 
them  would  renew  their  motion  without  any 
artificial  impulsion :  for  impulsion,  in  the 
sense  we  commonly  understand  it,  has  no 

more 
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tnore  share  in  any  undecaying  motlotl,  tliail 
in  the  circulation  of  the  blood  in  an  animal, 
or  the  sap  in  a  vegetable.  Hence  it  is  con- 
trary to  nature  to  suppose,  that  any  of  the 
lasting  motions  of  the  heavenly  bodies  de- 
pend upon  projection  in  a  vacuum :  because 
if  you  were  to  stop  a  body  moved  on  this 
principle,  you  have  no  ndtural  means  left 
for  renewing  its  motion  ;  it  must  cither  fall 
into  the  sun,  and  come  that  way  to  a  pdiiM 
of  rest ;  or  be  dead  and  motionless  for  ever, 
without  some  miracle  to  give  it  a  ntvt  mo* 
tion:  but  this  being  contrary  to  the  con- 
ditions of  every  undecaying  motion,  which 
will  be  renewed  on  its  own  principles  in  the 
ordinary  course  of  nature,  and  by  means  al-* 
ready  established,  is  not  to  be  admitted  in 
philosophy.  The  hypothesis  of  a  projectiW 
impulse  ought  to  be  rejected  on  this  farthet 
consideration,  that  it  obliges  us  to  make  tht 
world  a  vacuum,  on  a  supposition  that  thos* 
elements  which  are  ordained  to  act  on  athet 
matter,  and  to  keep  up  the  life  and  motion 
of  the  world,  can  only  stand  in  the  way  to 
hinder  the  freedom  of  projection,  and  disturb 
the  operation  of  an  Artificial  and  imaginary 
principle,  obti^uded  upon  the  planetary  mo*- 
tions  against  the  standing  laws  of  nature: 

Never- 
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Kfevertheless,  if  any  learned  men  are  disposed 
to  consider  things  in  this  way,  for  the  exer- 
cise of  mathematical  reasoning,  and  an  in- 
genious application  of  the  properties  of  the 
conic  sections,'  I  have  not  the  least  objection 
to  their  speculations.  Astronomy,  which 
may  proceed  upon  any  hypothesis,  and  yet 
exhibit  a  true  tabular  calculation,  will  suffer 
nothing  by  it  For  my  own  part,  I  do  not 
mean  to  reason  hypothetically,  but  to  con- 
sider n^otion  as  a  fact  wherever  I  find  it, 
and  derive  it  from  principles  agreeable  to  the 
general  order  of  nature.  Projection  must 
be  discarded,  because  it  is  not  such  a  prin- 
ciple: it  is  artificial  and  unnatural,  and  such 
as  cannot  be  proved  to  obtain  any-where  iix  ' 
nature.  If  it  is  received,  it  must  be  received 
as  an  Article  of  faith,  for  which  we  ought  to 
have  had  the  authority  of  an  immediate  re- 
velation *• 
yoL.  IX.  X  Here 

•  It  was  well  observed,  some  years  ago,  by  a  learned  phi- 
losophical genttetoan  of  the  province  of  New  York,  Cad- 
wallader  Golden^  Es^  that  the^  principle  of  impulsion  and 
communicated  motion,  from  whence  we  commonly  deduce 
the  flight  of  projected  bodies,  will  by  no  mtSt»  account  for 
the  motions  which. happen  in  iftfture,  but  will  biing  us 
speedily  to  an  absurdity.  '•  When  Wfc  see  a  small  spark 
(wys  he)  gradually  set  a  large  city  idl  in  tlMb»e,  can  any 

^     man 
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Here  let  me  observe  by  the  vay,  that  in 
considering  the  velocity  of  the  phaeta^  we 
are  very  apt  to  conceive  faUdy  of  it,  by 
taking  our  ideas  from  the  companetive  velo^ 
city  of  smaller  projected  bodies,  which  bear 

no 

man  imagine  tbat  thete  is  no  More  motion  in  all  the  parts  of  > 
the  city,  thus  on  fire  togeiher^  than  there  was  in  the  first 
little  spark  that  began  the  fire  i  that  there  is  no  more  power 
or  force  in  this  prodigious  fire,  than  there  was  in  the  Mirce- 
distinguishable  spark  which  began  it?  But  ifthcfe  be  not 
supposed  sometliing  mixed  in  the  materials  of  the  city  thus 
on  fire,  which  has  a  power  of  moving  itseU^  all  the  piodi«» 
gious  force  of  motion  in  the  city  thus  on  fire  must  be  s^up* 
posed  in  the  first  little  spark  which  began  the  fire ;  for  no- 
thing can  give  what  it  has  not*  There  are  innumerable 
other  phsenomena  which  evidently  shew,  that  some  parts  of 
itoatter  are  self»moving  agents,  and  which  ever  move,  miksi 
hindered  by  the  force  of  resisting  matter."  See  An  Ei^- 
nation  of  the  first  Causes  of  Action  in  Matter ;  printed  at 
New- York,  1745.  p.  6. 

Sq  reafoned  this  ingenious  author ;  who,  from  the  phamo- 
mtnii  of  nature,  thought  it  necessary  to  attribute  addOn  to 
some  matter,  and  inertness  or  resistance  to  other  matter*  We 
now  express  the  same  thing  in  clearer  terms,  and  leas  ex« 
(eptionable,  by  shewing  which  of  the  dementis  of  matter 
are  passively  movedj  and  which  are  comparatively  active  as 
the  establish^  causes  of  motion  to  other  matter.  And  to 
this  philosophy  must  come  sooner  or  later,  notwithstanding 
9II  the  opposition  which  custom  and  fashion  nuy  raise  against 
those  who  are  the  first  to  propose  this  doctrine  in  its  native 
form. 
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no  pirdportion  to  their  magnitude:  and  then 
tt  appears  less  credible  that  they  should  be 
moved  by  any  force  of  the  elements.  When 
the  mous^  runs  with  all  its  swiftness,  it  is 
outstripped  by  the  foot-pace  of  the  drome- 
dary :  so  the  velocity  of  smaller  bodies  may 
be  far  exceeded  by  the  gentle  tod  equable- 
motion  of  such  bodies  as  the  planets.  If  we 
will '  compare  the  planet  and  the  cannon- 
bullet,  let  us  have  respect  to  their  different 
magnitudes;  and  then,  what  is  wonderful  in 
the  one,  will  be  easy  and  natural  in  the  other. 
If  a  bullet  were  taken  to  represent  the  earthy 
and  it  were  placed  at  a  distance  from  the 
centre  of  its  orbit  proportional  to  that  of  the 
earth,  it  would  seem  to  move  exceedingly 
•low,  if  it  were  to  pass  over  no  more  than 
the  space  of  its  own  diameter  in  four  mi- 
nutesy  and  revolve  round  its  axis  only  once 
in  twenty-four  hours.  The  time  of  the  earth's 
motion  may  be  accommodated  to  the  bullet 
with  as  much  propriety  as  the  velocity  of  the 
bnllet  can  be  accommodated  to  the  earth. 
If  we  estimate  the  motions  of  the  solar 
syst^n  according  to  their  own  proper  scale, 
and  not  accor<ling  to  some  diminutive  com- 
parison, the  motions  that  obtain  in  it  will  be 
found  suitable  ta  t})^  ma^itude  of  the  bo- 
Kfi  dies 
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dies  that  are  placed  in  it ;  and  then  it  wilt 
seem  reasonable  that  their  motions  may  b^ 
effected  by  very  gentle  forces  acting  inseil-^ 
sibly  upon  them.  The  medium  which  pro- 
duces the  great  effect  of  gravity,  and  occa- 
sions such  accelerations,  begins  with  a  i^^ery 
gentle  impulse,  which,  in  the  instant  wh^nit 
first  takes  place,  is  less  than  any  force  we  can 
assign ;  and  3^et,  by  the  addition  of  successive 
impulses  every  moment,  produces  very  great 
effects. 

Mediation  of  Corporeal  Causes  must  be  sup^ 
posed  in  Nature. 

So  long  as  we  mean  to  keep  within  the  li-^ 
mits  of  philosophy,  we  must  account  for  the 
motions  of  nature  by  referring  them  to  cor- 
poreal causes:  and  where  this  cannot  be  done 
to  satisfaction,  we  must  either  give  them  up, 
or  M'ait  with  patience  till  some  better  clue  of 
consideration,  or  some  farther  light  of -expe- 
rience, shall  come  in  to  assist  us.  It  is  to 
Uo  purpose  to  amuse  ourselves  with  names 
and  qualities  which  contradict  the  known 
laws  of  mechanism,  and  supersede  the  opera- 
tions of  the  elements.  In  some  cases  the 
causes  of  motion  may  be  very  occolt,  and 

yet 
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y?t  there  may  be  no  necessity  for  giving  them 
up:  for  if  all  space,  as  later  experiments 
teach  us,  is,  filled  with  active  matter,  (not 
active  in  its  own  nature,  but  according  to 
the  positive  mechanism  of  the  world,)  ther^ 
must  be  a  general  stress  upon  all  bodies, 
which,  if  it  is  interrupted  in  any  part,  will 
occasion  a  motion  where  its  action  is  freest, 
and  toward  that  side  where  there  is  least  re-« 
sistance.  If  the  internal  medium  within  the 
pores  of  dense  and  solid  bodies  is  in  a  more 
subtile  and  rarefied  state  than  the  external 
medium,  all  dense  bodies  will  be  attended 
with  an  atmosphere  of  pressure,  which  wiU 
caiTy  light  bodies  toward  them,  and  confine 
them  to  their  surface.  This  principle  will 
bear  an  application  to  all  the  minute  in* 
3tance3  of  fluids  in  vessels,  capillary  tubes, 
fragments  of  cork  floating  on  water,  &c.  In 
the  experiments  of  electricity  it  has  got  posr 
session ;  and  as  it  will  ,be  found  that  electri- 
city, only  shews  us  bodies  affected  in  a  greater 
degree,  4s  they  are  at  all  time3  naturally  af- 
fected in  a  lesser,  .  (foF  the  whole  world  ifi 
constantly  electrified  to  a  certain  degree,) 
the  samie  reasoning  which  has  been  adopted 
in  that  science,  may  be  extended  to  all  com,- 
mon  cases. ,  gp  that  wheresoever  we  see  ^ 
JH  3  body 
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body  change  its  state  from  rest  to  motion, 
vft  may  lay  it  down  as  an  invariable  truth, 
that  this  is  the  effect  of  matter  in  motion 
acting  upon  matter  at  rest.  That  two  distant 
bodies,  both  supposed  at  rest,  should  be  able 
to  act  upon  one  another  so  as  to  produce 
motion  in  each,  without  the  assistance  of  any 
third  substance,  is  to  invest  matter  with  a 
power  of  beginning  motion  in  itself;  whi^K 
is  the  same  as  to  say,  that  motion  is  essefntial 
to  matter,  and  on  this  concession  the  mate^ 
rialist  erects  his  system;  so  that  it  is  n6tonly 
a  notion  false  in  itself,  but  extremely  dan- 
gerous in  its  consequences:  and  indeed  I 
have  been  informed,  that  a  French  philbso^ 
pher  has  turned  to  the  purposes  of  atheism, 
the  concession  of  the  moderns  in  regard  to 
matter  and  idotion.  We  must  either  fall  int6 
this  danger,  or,  when  we  see  two  bodies  at 
rest  begin  to  approach  each  other,  without 
any  visible  cause,  we  must  introduce  some 
third  body  already  in  motion,  And  to  justify 
ourselves  in  this  practice,  we  have  nothing 
to  do  but  to  shew  that  active  matter  is  pre** 
sent,  where  it  is  neither  seen  nor  felt:  which 
is  now  abundantly  done  by  the  experiments 
of  electricity,  if  it  had  not  been  sufficiently 
shewn  before  on  other  principles* 

There 
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There  was  a  time  vrhet  it  was  the  fashioQ, 
in  oppoaitidn  to  the  French  system  of  Des- 
cartes, to  banish  ail  subtile  matter  out  of  the 
world,  to  make  room  for  qualities  in  a  va* 
cuum :  but  later  observations  have  reinstated 
a  subtile  medium,  which  is  now  triumphant 
in  every  branch  of  philosophy:  and  the 
learned  m  general  seem  more  inclined  than 
formejrly  to  make  use  of  it,  for  the  explanv 
tion  of  the  most  diiiicult  appearances  in  na- 
ture; not  excepting  even  gravity  itself.  The 
inquiry  is  rational,  and  deserves  to  be  pro* 
moted,  though  it  may  hear  hard  upon  some 
popular  prejudices  pretty  deeply  rooted :  for 
80  long  as  actio  in  distans,  be  it  in  bodies  iu 
particles  or  in  atoms^  keeps  its  place  in  philo- 
sophy, it  will  be  an  insuperable  bar  to  all  im- 
provements;  because  the  most  useful  expe- 
rimenta  toward  the  advancement  of  physical 
knowledge  are  those  made  upon  the  elements, 
all  of  which  tend  to  shew  us  how  matter  in* 
terposes  to  produce  such  changes  and  mp<» 
tions  as  we  observe  in  bodies  distant  from 
each  other*  How  does  the  sun  act  upon  the 
fruits  of  tlie  earth,  but  by  the  mediation  of 
its  light  ?  How  do  the  clouds  water  the  earth, 
but  by  the  mediation  of  the  air  ?  How  does 
the  chemist  produce  ^o  many  changes  in  na- 
K  4  tural 
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^tural  bodies,  but  by  the  mediation  of  fire  ? 
In  short,  wherever  distant  bodies  are  fbund 
to  affect  each  other,  there  is  always  some- 
thing to  mediate,  whether  we  see  it  or  not ; 
and  ¥fhere  this  mediation  is  no  farther  to  be 
traced,  there  philosophy  ends,  and .  the  fic- 
tions of  imagination  begin  j  which  are  all 
of  equal  value,  whatever  name  you  call  tiiem 
by,  be  it  sympathy,  antipathy,  attraction, 
repulsion,  cohesion,  elasticity,  antiperistasis, 
or  any  other,  ancient  or  modern.  Nothing 
is  intelligible  but  the  action  of  matter  upon 
matter ;  and  though  we  may  affect  to  soar 
above  this  principle  in  theory,  we  are  always 
.obliged  to  descend  to  it  when  we  come  to 
practice.  The  experiments  usually  made  to 
illustrate  the  doctrine  of  central  forceSy  are 
very  ingenious  and  elegant,  and  will  capti- 
vate the  attention  of  students  who  are  mi- 
thematically  inclined ;  but  there  is  thi3  error 
running  through  them  all,  that  the  moving 
body  is  connected  by  a  line  with  the  centre 
of  its  motion ;  which  cannot  therefore  be 
accommodated  to  motion  in  a  vacuum, 
where  no  line  of  communication  is  sup- 
posed, but  is  objected  to  upon  principle,  lest 
it  should  hinder  the  effect.  And  there  is 
this  farther  defect  in  those  expjpriments;,  that 

the 
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the  centrifugal  force,  or  force  in  the  tan- 
gent, being  consequential  to  the  artificial  re- 
volution of  a  whirling  body,  cannot  be  used 
as  a  cause  of  the  motion ;  because  it  is  the 
nature  of  all  causes  to  be  prior  to  the  effect, 
but  here  it  is.  posterior :  the  body  is  never 
disposed  to  fly  off  in  a  tangent,  till  it  has  ac- 
quired its  revolution.  Such  a  force  therefore 
tan  never  be  applied  to  account  for  any  of 
the  celestial  motions ;  because  it  comes  to 
this  absurdity,  that  there  is  nothing  to  ac- 
count for  the  motion  but  the  motion  itself, 
or  its  consequence,  which  is  the  same  thing. 

Circulation  of  Matter  necessary  to  be  sup- 
posed. 

If  we  are  permitted  to  argue  from  analogy, 
which  is  the  best  j^nd  safest  rule  we  can  fol- 
low, it  is  most  reasonable  to  suppose  that  all 
the  lastingmotionsof  the  world  depend  upon 
a  circulation  of  matter.  It  is  evident  to 
sense  that  this  principle  prevails  in  the  human 
frame  ;  and  our  view  of  its  mechanism  has 
been  greatly  enlarged  by  the  discovery  of 
the  circulation  of  the  blood.  Where  this 
motion  begins,  or  where  it  ends,  it  is  hard 
to  say.     The  heart  is  the  centre  of  it ;  but 

whether 
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whether  the  influx  of  the  venal  bJood,  or 
the  efflux  of  the  arterial,  is  first  in  ofdcr, 
the  anatomist  will  find  it  very  difficoit  ta 
determine.  Nothing  can  give  without  re- 
ceiving ;  but  where  the  giving  and  receiviBg 
depend  on  each  other,  as  in  a  circle,  the  mo- 
tion is  perpetuated.  Nothing  is  lost  in  tiic 
heart  by  what  it  conveys  to  tlie  arteriear,  be- . 
cause  it' receives  as  much  by  the  veins;  and, 
so  long  as  the  machine  is  in  order,  what  it 
receives  by  the  veins  cannot  overcharge  the 
.heart,  and  occasion  ^  stagnation,  because  it 
is  discharged  as  fast  by  the  arteries.  In  like 
manner,  all  the  rivers  run  into  the  sea,  and 
yet  the  sea  is  not  full ;  and  on  the  other  hand, 
all  the  rivers  come  out  of  the  sea^  and  yet 
the  sea  is  not  exhausted.  What  it  receives 
it  sends  off  in  vapours  from  its  surface,  or  by 
percolation  through  subterraneous  passages, 
which,  as  so  many  vessels,  communicate 
.  with  the  grand  reservoir  of  waters.  But  this 
circulation  is  eminently  carried  on  by  a 
changing  of  the  water  into  a  new  form,  and 
a  regeneration  of  it  into  its  primitive  form 
again.  It  goes  off  from  the  surface  of  the 
ocean  in  the  form  of  a  rare,  invisibh?,  ex- 
panded vapov^r,  perfectly  dissolved  in  the  air 
as  in  a  menstruum^  and  being  for  some  time 
6  suspended 
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suspended  in  that  state,  it  is  afterwards  con- 
densed into  mists  and  clouds,  then  gathered 
into  drc^s  when  it  falls,  which  drops  are  all 
assembled  into  one  fluid  mass,  and  in  this 
form  it  returns  to  the  place  from  whence  it 
came,  to  take  its  turn  once  more  in  the  com- 
mon course  of  evaporation,  and  be  circulat- 
ed again  and  again  to  the  great  promptuary 
of  the  world. 

Such  a  Circulation  is  an  undoubted  Fact. 

This  change  of  matter  into  a  different 
form,  with  the  subsequent  regeneration  of  it 
into  its  primitive  form,  is  one  of  the  great 
secrets  of  nature,  whereby  the  world  is  kept 
from  decaying,    either  with   respect  to  its 
matter,  or  its  motion.  The  source  which  re- 
turns upon  itself  can  never  fail ;  and  it  is 
of  little  moment  to  consider  which  is  first  in 
order,  whether  the  vapour  or  the  water ;  for 
the  vapour  will  never  want  water  to  supply 
it,  and  the  water  will  never  want  the  return 
of  vapour  to  keep  its  stores  undiminished. 
How  this  order  of  things  contributes  to  the 
support  of  the  earth  and  its  productions,  is 
not  before  us  now,  it  being  sufficient  here  to 
observe,  that,  by  means  of  a  chxulation  in 

matter, 
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matter,  the  lasting  motions  of. nature  atot 
maintained,  and  its  stores  unexhausted ;  aod 
so  general  is  this  reciprocation,  that  it  might 
be  pursued  through  more  instances  than  we 
shall  have  occasion  to  consider. 

At  the  poles  of  the  earth,  and  at  the  equa- 
torial parts,  the  matter  of  the  heavens  must 
necessarily  be  in  two  very  different  condi-. 
tions;  and  this  never  happens  without  a  per-! 
petual  effort  to  restore  the  equilibrium  by  an 
interchanging  of  the  matter,  so  as  to  reduce 
the  whole  to  one  uniform  c^ondition.  To 
say  that  the  matter  of  the  heavens  i$  rarefied 
in  one  part,  and  condensed  in  another,  i^ 
only  to  say,  in  other  words,  that  there  is  a  re-: 
ciprocal  attempt  in  each  to  qualify  the  pther, 
because  this  is  the  necessary  consequence  acr 
cording  to  the  estabHshed  laws-  of  nature ; 
and  if  this  continual  attempt  can  never  sue-: 
ceed  so  far  as  to  restore  the  balance,  the  re- 
sult is  a  perpetual  motion  *.  The  matter  of 
the  heavens  being  in  a  more  fluid  state  at  the 
equator,  and  accumulated  by  the  d^ly  effect 

of 

*  On  this  principle  of  restoring  an  equilibrium,  which  is 
interrupted  before  it  is  restored,^  a  perpetual  motion  it  wchi- 
bited  in  a  barometer  of  a  most  ingenious  and  elegant  con- 
struction, -which  the  workman  who  ^dc  it.  was  so  (Migisg 
as  tocxiJain  to  me  at  Mr.  Co^^'s  Museum, 
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of  the  sun  on  that  part  of  the  world,  will 
necessarily  fly  off  sideway  toward  the  denser 
matter  at  the  poles, ;  and  the  matter  there 
condensed  will,  at  the  same  time,  flow  in 
toward  the  equator ;  so  that  there  will  always 
be  a  double  motion  of  the  etherkl  matter  in 
and  about  the  direction  of  the  meridian : 
and  indeed  the  great  effect  oi polarity^  upon 
the  surface  of  the  earth,  and  underneath  it, 
seems  to  be'  a  natural  consequence  of  this 
doctrine :  it  is  probably  the  effect  of  two 
different  conditions  of  the  etherial  medium, 
always  flowing  in  two  contrary  directions. 
It  may  seem  difficult  to  conceive  how  two 
fluid  mediums,  or  even  two  conditions  of  the 
same  medium,  can  move  in  opposite  direc- 
tions*; but  nothing  can  be  more  certain 
than  the  fact.  Light  is  a  fluid  medium,  and 
air  is  a  fluid  medium ;  yet  the  rays  of  the 
rising  sun  will  move  without  interruption  to 
the  west,  while  the  wind  blows  stronglj  to- 
ward the  east ;  and  neither  of  these  wiil  seem 
itt  the  least  to  hinder  or  disturb  one  another's 

motions; 

*  How  two  ethers,  says  Sir  Isaac  Newton,  can  be  dif- 
fused through  all  space,  one  of  which  acts  upon  the  other, 
and  by  consequence  is  reacted  upon,  without  retarding,  shat- 
^ring,  dispersing,  and  confounding  one  another's  motions, 
i»inconceirable.''     Opt.  Q^er.  28. 
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motions;  though  they  must  be  soiil^  millioiM 
of  times  more  intimately  mixed  in  their  pro^ 
gress,  than  the  cross  threads  of  a  weainer's 
loom.  The  same  thing  happens  at  every 
common  culinary  fire,  where  the  matter  of 
fire  is  flowing  outwards,  so  as  to  he^capable 
of  inflaming  bodies  at  a  considerable  distance; 
and  the  matter  of  air  as  constantly  rushing 
inwards,  the.  effect  of  which  is  so  sensible, 
that  light  bodies  will  be  carried  by  it  into 
the  face  of  the  fire.  Indeed  to  suppose  one  of 
these  motions  is  to  suppose  the  other,  because 
fire  will  subsist  only  so  long  as  it  has  pure 
air  to  support  it ;  and  air  cannot  flow  into 
any  space  already  full,  unless  somewhat  be 
going  out  of  that  space  at  the  same  time:  so 
that  a  contrary  motion  in  fluid  mediums  is 
not  only  possible  and  consistent,  but  even 
necessary  by  the  common  laws  of  nature. 

And  here  I  think  we  may  go  on  to  observe, 
that  there  must  necessarily  be  different  con- 
ditions in  the  element  of  air,  in  order  to 
keep  up  a  proper  circulation,  even  as  the 
element  of  water  is  found  circulating  through 
the  world  under  the  several  forms  of  vapour, 
mist,  drops,  and  a  fluid  mass,  or  even  a  solid 
and  frozen  one.  Whoever  shall  consider  the 
immense  consumption  of  common   air^  by" 

culinary^ 
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jCtttinatjrfires,  (which  I  have  elsewhere  endea-. 
roared  to  calculate  and  demonstrate, )  must 
needs  conclude,  either  that  this  element  in 
daily  decaying,  or  that,  according  to  the 
^Emalogy  of  other  cases,  nature  has  a  method 
of  bringing  it  round  again,  through  a  certain 
course  of  transformation  and  regeneration, 
into  its  primitive  condition  of  common  air ; 
then  all  will  be  easy  and  natural,  and  this 
case,  will  agree  with  otliers  of  the  kind. 
This  rule  may  be  extended  even  to  the  sun 
itself.  How  have  philosophers  perplexed 
themselves  to  account  for  the  constant  emis* 
aon  of  light  from  the  sun  I  A  subject  in 
which  we  cannot .  greatly  err*  if  we  suffer 
ourselves  to  be  influenced  by  the  best  of  all 
arguments,  the  general  analogy  of  nature  : 
for  thi»  will  soon  teach  us,  that  whatever 
the  particular  mode  may  be,  some  there  must 
be,  of  bringing  his  own  matter  back^to  him 
in  circulation;  'without  which,  his  source 
must  inevitably  have  been  exhausted  some 
thousands  of  years  ago.  Some  have  argued 
that  the  matter  of  his  light  is  so  exceedingly 
rare,  as  to  put  him  to  little  or  no  expence  in 
fumifhing  it  at  the  rate  of  above  ten  millions 
of  miles  in  a  minute,  for  several  thousands 
of  years  together.;  though  it  is  certain  there 

is 
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is  not  a  point  of  space  in  the  solajr  system 
capable  of  holding  a  particle  of  light,  biit 
what  hath  such  a  particle  in  it.  Nothing  in 
nature  can  give  without  receiving ;  and 
therefore  the  incredibility  of  this  plan  hath 
inclined  others  to  deny  that  the  matter  of 
light  is  progressive  ;  instead  of  which,  they 
have  supposed  that  the  rays  of  light  are  not 
emitted,  but  directed  and  determined  by  a 
vibratory  motion  impressed  upon  them  by 
the  sun,  or  by  any  other  centre  of  irradia^ 
tion,  as  the  flame  of  a  candle,  &c.  Some 
moderns,  who  deny  the  progression  of  light, 
are  still  aware  that  the  constant  flame  at  the 
orb  of  the  sun  must  occasion  a  vast  con- 
sumption of  fuel ;  for  the  supplying  of  which, 
they  provide  a  circulation  of  phlogbton  *; 
supposing,  that  as  fast  as  the  phlogiston  is 
consumed  in  some  parts  of  the  sun,  it  is  re- 
generated in  others,  where  it  had  been  burn- 
ed away  and  wasted  some  time  before :  and 
thus,  with  an  alternate  wasting  and  reviving 
of  the  phlogiston, '  the  flame  of  the  sun  is 

perpetuated, 

♦  Phlogiston  is  a  terra  used  by  the  chemists  to  denote  the 
inflammable  principle  in  any  kind  of  fuel,  whether  it  be  oil, 
sulphur,  animal  fat,  bitumen,  spirit  of  fermented  liquors^ 
volatile  vapour  of  smoke,  resinous  juice  of  trees,  or  any 
other  that  may  be  referred  to  the  same  ckss. 
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perpetuated,  and  the  vibratory  motion  of 
li^t  supported  throughout  the  solar  system. 
But  this  doctrine  concerning  the  circulation 
of  phlogiston  is  not  to  be  introduced  on  such 
an  occasion  as  the  present,  till  it  has  been 
first  proved  to  take  place  in  «uch  matter  as 
we  can  make  experiments  upon ;  in  which  it 
hath  not  yet  appeared  that  the  inflammable 
principle,  when  once  destroyed,  is  ever  re- 
stored again  in  the  common  course  of  things. 
Ashe's  will  never  imbibe  phlogiston,  and  be- 
come inflammable  with  long  keeping;  nei- 
tiier  doth  it  appear  that  phlogiston  as  such 
ever  survives  the  operation  of  the  fire,  be- 
cause the  purest  alcohol,  or  perfectly  recti- 
fied spirit,  when  dissipated  by  the  action  of 
fire,  turns  chiefly  to  an  insipid  water,  which, 
if  kept  for  a  thousand  years,  would  never 
turn  into  spirit  t6  be  again  inflamed. 

The  circulating  principle,    however,    in 
some  sense  or  other,  must  be  embraced,  as 
necessary  to  keep  up  the  stock  of  matter  at' 
the  sun  :  but  if  the  matter  of  light  is  -pro- 
gressive, this  expedient  of  the  regeneration 
of  phlogiston  (allowing  it  to  be  agreeable  to 
natiirte)  would  be  found  very  insufficient- 
Tlwrcfore  it  will  be  most  easy  and* natural  to 
^lieve,  as  the  ancients  did,  that  the  sun, 
VOL.  IX.  L  while 
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while  he  supplies  the  world  with  lights  ishim« 
self  supplied  with  the  same  matter  circulat- 
ing backward  to  his  orb  in  some  other  con- 
dition. 

This  principle,  if  admitted,  will  be  at- 
tended with  the  following  advantages:  first, 
it  will  consist  with  the  progressive  motion  of 
light,  the  source  of  which  will  be  inexhaus- 
tible, because  there  can  be  no  exhaustion 
where  there  is  circulation.  Secondly,  it 
will  agree  best  with  that  analogy  which  is  so 
remarkable  in  the  other  departments  of  na- 
ture.  The  blood  hath  a  progressive  motion 
in  the  bodies  of  all  animals ;  water  hath  a 
progressive  motion  in  the  earth  and  seas; 
wind  hath  a  progressive  motion  in  the  at- 
mosphere ;  and  all  these  are  kept  up  by  the 
grand  principle  of  circulation  :  the  blood 
returns  into  its  own  source ;  the  water  re- 
turns to  the  ocean  from  whence  it  came ; 
the  air  circulates  with  contrary  currents  in 
the  atmosphere;  the  equatorial  and  polar 
parts  are  always  supplying  each  o^her  reci- 
procally, to  restore  an  equilibrium :  so  that 
if  the  matter  of  the  sun  returns  into  itself, 
there  will  be  nothing  singular  in  the  case ; 
it  will  be  found  to  do  as  all  other  matter . 
dpes :  and  th^t  philosophy  >vill  ev^r  be  the 
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best,  which  creates  the  fewest  principles,  and 
explains  nature  in  such  a  way  as  to  make  it 
consistent  with  itself.  Thirdly,  the  fire  of 
the  heavens,  (as  the  same  rule  of  analogy 
obliges  us  to  suppose, )  will  then  be  under- 
stood to  burn  on  the  same  principle  as  other 
fires  do  upon  earth,  with  a  constant  supply 
of  elementary  matter.  And  lastly,  we  shall 
have  this  farther  advantage,  which  indeed  is 
the  greatest  of  all,  that  there  will  be  a  double 
motion  perpetual  in  the  system,  the  first  and 
greatest  of  all  secondary  causes,  accommo- 
dated in  every  respect  to  account  for  the  re- 
volutions of  the  heavenly  bodies,  which  no 
other  hypothesis  yet  invented  ever  hath,  or 
ever  will  be  able  to  do,  with  any  appearance 
of  consistency  and  probability. 

On  what  Conditions  there  may  be  Motion  in  a 
Plenum. 

It  has  been  made  a  grand  question  in  phi-^ 
losophy,  whether  bodies  can  move  in  a  space 
which  is  filled  with  matter,  commonly  called 
2i  plenum  f  But  this  question  cannot  be  an- 
'  «vered,  without  first  considering  the  condi- 
tion of  the  matter,  and  stating  the  cireum^ 
stances  of  the  moving  body.    If  the  matter, 

L  2  SP 
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so  filling  any  space,  is  in  a  fluid  condition, 
^  that  the  parts  can  slide  freely  over  one  an- 
other, they  will  be  able  to  move  in  different 
or,  even  contrary  directions  at  the  same  time ; 
and  while  the  place  of  the  whole  mass  con- 
tinues the  same^  the  place  of  the  parts  which 
compose  it  may  be  changed  every  moment 
Such  a  sort  of  intestine  motion  arises  natu- 
rally, and  continues  long  undiminished,  in  , 
a  liquor,  by  that  act  of  fermentation  which 
arises  from  a  mixture  of  heterogeneous,  prin- 
ciples, (such  as  air,  fire,  water,  oil,  salt,  and 
earth,)  in  the  same  maAs,  The  fulness  of  the 
space  is  therefore  no  objection  to  a  free  mo- 
tion of  the  parts  of  any  fluid  mass  amongst 
themselves ;  neither  is  it  an  objection  to  the 
motion  of  any  solid  body  in  such  a  flpid  nie< 
dium.     If  a  vessel  is  filled  with  water,  and  - 
closely  stopped,  any  solid  body  that  flqats  iij 
it  will  move  freely  from  one  side  to  the  other, 
or  from  the  top  to  the  bottom ;  because  the 
garts  of  the  fluid,  which  are  djisplaccd  Ac^^> 
fall  into  the  space  behind^  as  t\\t  body  ltb*?esr 
i^.    So  fast  as  the  body  prpceedft,  just  so  ftpt 
do  the  parts  of  the  fluid  recede ;  so  that  ther& 
is  ^either  impediment  i;or  vacuity. 

Suppose  a  cirxmlar  grpove  upon  i|bj,  h^iir 
zontaJ  surfaccj  and.  &o  ma;}y;  sj^herplefr  la^. 

in 
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in  this  groove,  as  just  to  touch  one  anqthet 
completely,  and  fill  up  the  circle.  The  ful- 
ness of  the  space  is  no  objection  to  their 
motion :  they  will  move  for  ever  in  the  di- 
rection of  the  circle ;  because,  as  fast  as  one 
of  the  spherules  is  moved,  so  fast  do6s  the 
next  before  it  make  room  for  it,  and  the  next  - 
behind  supply  the  place  of  it.  The  same  is 
true  in  every  similar  case  :  there  may  be  ful- 
ness of  matter,  and  yet  there  may  be  mo- 
tion, provided  there  is  a  circulation  amongst 
the  parts. 

If  we  examine  into  the  circumstances  of 
any  solid  body  moving  in  a  fluid  medium,  it 
is  easy  to  foresee  what  will  happen  to  it. 
When  the  body  is  moved  by  any  artificial 
force  or  eflPort  of  violence,  contrary  to  the 
nature  of  the  medium  in  which  it  moves ; 
the  parts  of  the  medium,  in  recovering  their 
natural  state,  will  resist  the  motion  of  the 
body,  till  the  equilibrium  is  restored,  and 
the  body  is  at  rest.  Such,  therefore,  are  the 
circumstances  of  all  violent  motion,  that  it 
is  soon  destroyed  by  resistance;  though  the 
times  in  which  it  is  destroyed  will  differ  ex- 
ceedingly among  themselves,  according  to 
the  fluidity,  tenacity,  density,  or  subtilty  of 
the  medium  in  which  it  happens.  But  if  th? 
L  3  motion 
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tnotion  of  the  body  arises  from  the  motion  of 
the  medium,  then  the  resisting  nature  of  the 
medium  is  no  longer  any  objection  to  the  mo- 
tion of  the  body;  neither  can  it  be,,  for  it  is 
the  cause  of  the  motion ;  and  it  would  be 
absurd  to  imagine,  that  the  cause  of  motion 
can  resist  the  motion  which  it  causes.  Hence 
it  is  plain,  that  no  inferences  from  the  resist- 
ances of  mediums  can  lead  us  to  the  neces- 
sity of  a  vacuum.  We  want  a.vacuvtm  only 
when  we  propose  a  motion  which  is  indepen- 
dent of  the  action  of  every  medium :  but 
nature  has  no  such  motion,  and  the  whole 
affair  of  resistance  is  therefore  of  little  use 
but  to  practical  mechanics ;  because  the  mo- 
tions of  nature  are  otherwise  circumstanced. 
If  there  is  any  medium  more  subtilp  than 
air,  such  as  we  understand  by  ether,  that 
medium  is  the  cause  of  gravity ;  and  should 
we  make  experiments  in  order  to  discover 
whether  any  medium  besides  the  air  resists 
a  falling  body,  what  is  this  but  to  inquire, 
whether  the  cause  of  gravity  resists  the  mo- 
tion which  it  causes  ?  Wheresoever  we  con- 
tradict the  motions  of  nature,  we  are  neces- 
sarily resisted,  let  the. case  be  what  it  will. 
If  we  endeavour  to  move  any  body  parallel 
to  the  horizon,  we  are  resisted  by  the  cause 

of 
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of  gravity,  which  gives  it  a  detettniiiatioii 
toward  the  centre  of  the  earth ;  if  it  is  de- 
scending in  the  perpendicular,  and  We'  give 
it  a  stroke  downwards  in  the  direction  of  its 
descent,  we  are  still  resisted  in  a  proper  de- 
gree ;  because,  though  we  do  not  counteratt 
its  direction,  we  contradict  its  velocity,  and 
therefore  the  cause  of  gravity  will  resist  as 
before.  The  inquiry  how  matter  resists  per 
*e,  in  an  independent  state,  is  impracticable ; 
because  no  matter,*  subject  to  our  inspection, 
is  in  that  state. 

Recapitutatiofi. 

In  the  preceding  Discourse,  these  things 
have  appeared  to  us,  which  it  may  be  proper 
here  to  recapitulate : 

L  That  the  heavens,^  the  earth,  the  ele- 
ments, and  the  bodies  contained  in  them, 
are  constantly  in  motion ;  which  indeed  is  a 
fdiCt  so  obvious,  that  it  needs  no  particular 
proof. 

•  2.  That  God  is  the  pfim&ry  cause  of  all 
this  motion,  but  not  the  immediate  cause ;  it 
being  the  constant  method  of  Divine  Provi- 
dence to  work  with  intermediate  or  secondary 
L  4  cauaes, 
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causes^  and  to  move  sorae  bodies  Iigr4:h«  ikf 
atrumentality  of  others.  .   : 

3.  That  motion  is  never  to  be  considered 
as  a  thing  by  itself,  but  as  an  eBkot ;  which^ 
like  all  other  effects,  must  be  referred  to  Hs 
proper  causes :  for  the  parts  of  the  world 
have  motion^  not  of  themselves,  hut  aa  the 
limbs  have,  by  means  of  their  connexi^i 
with  the  body  to  which  they  belong.  Whence 
it  follows,  that  any  parcel  of  matter  taken 
independently,  can  have  no  more  motion 
belonging  to  it  than  a  limb  divided  from  the 
body. 

4.  That  motion  is  so  far  analagpus  to  /i/e, 
that  they  both  require  the  permanent  action 
pf  some  cause  to  maintain  them.  A$  lif^  is 
constantly  preserved  in  an  animal  body  by 
the  causes  of  life,  so  is  motion  as  constaBti|r 
preserved  by  the  causes  of  motion  |Hsrma- 
nently  acting  for  this  purpose:  andtfa«l;|o 
suppose  any  thing  else,  is  to  open  a  door  toi 
the  doctrines  of  Atheism. 

5.  That  the  first  law  of  motion,  inveiited 
byD^scart^,  is  not  os^ly  uhi^eosdnaldt,  but 
unnecessary  as  an  expediesobt ;  there  bcMg  iia 
occasion  to  understand  motaoa  aa  tte  caun 
of  its  own  continuation,  when  thero  k  an. 

active 
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a€thre  mlbdimn  adiequate  to  all  the  ett^tMvi 
gravity  and  projection ;  which,  movifi^  iritli 
infinite  freedom,  can  so  far  deceive  u$  by  the 
subtilty  of  its  vibrations,  as  to  make  us  be^^ 
lieve  there  is  no  cause,  where  the  most  pow- 
erful of  all  secondary  causes  is  present :  an^ 
if  motion  be  not  a  quality  in  bodies,  but  a 
mere  effect  upon,  them,  this  reasoning  is  ne- 
cessary and  natural,  especially  as  we  can  jus- 
tify the  practice  of  assigning  physical  causes 
by  rational  deduction,  where  they  are  not 
aumifest  in  our  experiments. 
,  6/  That  uniform  motion  in  a  right  line  i» 
a  phasnomenon  scarcely  observable  in  nature : 
for  that  the  elements  and  natural  bodies  are^ 
wont  to  move,  either  in  curve  lines,  or  with 
velocities  not  uniform.  The  rays  of  light 
have  a  rectilinear  motion,  but  we  cannot  be 
aMured  their  ^progress  is  uniform,  it  being 
more  probable  that  they  are  retarded  in  a 
certain  proportion,  as  they  proceed  to  v6ry 
great  distances  from  the  sun. 

7.  Tbat^  in  accounting  for  motion,  the 
same  cause  may  be  applied  to  differmt  effects, 
because  the  elements  are  capable  of  «uch*^ 
different  Inotions  as  will  answer  many  pur*^ 
poses  at  OHce.  If  this  is  fonnki  in  the  grosser 
flnids  of  water  and  air,  mueh  iirave  is  it  IbMie 
2  in 
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in  eth^r,  light,  or  fire,  which  is  capable  of 
all  directions,  and  may  cross  in  a  thousand 
different  ways  without  interruption  from  it- 
self :  fire  may  heat  a  body,  a  candle  may  il** 
luminate  it,  magnetism  may  give  it  a  polar 
direction,  electricity  may  repel  it,  and  the 
cause  of  gravity  give  it  a  tendency  toward 
the  earth ;  and  all  these  may  be  taking  ef- 
fect upon  it  at  once. 

8.  That  as  all  motion  is  in  the  direction  ^f 
its  causCy  there  can  be  no  such  thing  as  a 
power  of  attraction  ;  because  that  supposes 
a  diiection  in  the  cause  which  is  contrary  to 
the  direction  of  the  effect,  and  therefore  Can 
never  happen  consistently  with  the  laws  of 
mechanism.  A  cause  from  the  earth  can 
never  bring  the  moon  nearer  to  the  earth ; 
neither  can  a  cause  from  the  moon  bring  the 
waters  of  the  earth  nearer  to  that.  The 
cause  which  is  in  the  direction  of  a  body  that 
moves  freely,  is  an  impelling  cause ;  and  if 
it  is  impulse,  it  is  not  attraction ;  if  it  is,  at- 
traction, it  is  not  impulse ;  these  principles 
being  of  opposite  natures,  and  consequently 
inconsistent. 

.  9.  That  if  the  same  medium  is  found  to 
act  in  different  or  contrary  directions,  it 
must  be  supposed  to  be  in  different  cendi" 

tionsy 
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tions,  or  moving  wth  some  different  affec* 
tion.  Air  will  move  different  ways  at  the 
same  time,  if  it  is  of  different  densities,  or 
moves  with  two  different  affections,  as  are 
those  of  wind,  and  the  vibratory  progression 
of  sound.  The  etherial  medium,  which  is 
finer  than  air,  is  subject  to  all  those  different 
affections  which  produce  gravity,  magne- 
tism, elasticity,  cohesion,  electricity,  heat, 
and  illumination.  How  far  these  affections 
may  arise  from  the  different  densities  of  the 
medium,  or  the  different  magnitude  pf  its 
parts,  should  be  considered.  Sir  Isaac  Newton 
was  of  opinion,  that  even  the  light  of  the 
sun  itself  is  in  several  conditions,  as  consist* 
ing  of  parts  differing  in  magnitude;  and 
thence  he  deduces  the  different  refrangibili- 
ties  of  the  coloured  rays. 

10.  That  all  undecaying  motion  hath  this 
property  by  the  constitution  of  nature,  that 
it  will  renew  itself  upon  its  awn  principles^ 
without  any  foreign  impulsion  ;  which  doc- 
trine necessarily  excludes  the  artificial  force 
of  projection  from  having  any  share  in  the 
lasting  motions  of  the  world.  The  bodies 
in  the  heavens  are  moved  by  such  causes,  as 
would  renew  their  progress,  if  it  were  possi- 
ble for  them  to  be  stopped ;  otherwise  their 

motion 
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motion  is  not  tnaintaineduponphysit^lpriid* 
ciple$j  agreeable  to  what  we  observe  in  the 
other  parts  of  nature ;  but  by  mraelfey  ivL 
contradiction  to  the  common  course  of 
things.  Nothing  is  here  objectfed  'to  the 
schemes  of  motion  deduced  from  thfe  ^r6^ 
^rties  of  curve  lines,  because  gedmetifitial 
evidence,  without'  physical  evidence,  will 
prove  nothing  in  this  subject.  The  powers 
assumed  to  account  for  motion,  are  indeed 
the  proper  objects  of  our  consideration; 
therefore  it  has  been  remarked  on  the  cen- 
trifugal force,  or  force  in  the  tangent,  that 
it  can  be  of  no  use  as  a  power,  b^ause  it  is 
no  more  than  a  consequence  of  that  motion 
which  is  already  established  without  it,  and, 
as  such,  cannot  be  brought  in  to  account  for 
it  with  any  appearance  of  reason. 

11.  That  the  velocities  of  the  planetary 
motions  being  vastly  exaggerated  by  bfeing 
compared  with  diminutive  bodies^  should  be 
estimated  according  to.the  scale  of  their  own 
magnitudes ;  whence  it  may  be  morie  easily 
conceived  how  a  small  force  of  the  elements 
(comparatively  speaking)  .  may  suffice  to 
carry  those  vast  bodies  in  their  orbits,  and 
turn  them  upon  their  axes. 

12.  That  in  order  to  account  for  the  last- 

ing 
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ing  motipps  of  the  heavenly  bodie%  it  is  molt 
agr^e9.ble  to  li^as^n  and  obseFvatip9>  to  94- 
mit  a  giqueral  priuci^l^e  of  civcuiatiim  in  aM 
jQuic}  matter;  which  circulation  certainly 
prevails  in  such  parts  of  iiatu^rei  as  am  mem 
i^OL^diately  subjected  to  ou(  examin^on ; 
and  n\ay  well  be  extend^4.  to  the  sun  il^elj^ 
and  the  elementary  matter  in  the  celestial 
ftpOtjces; 

,  13.  That  thje  parts  of  any  flluid  medium 
may  move  freely  among  titeiaselv^,  thougth 
they  constituAe  a  pj^enuis;  and  that  solid  bp* 
dies  may  not  only  move  in  such,  a  medium^ 
but  preserve  their  motion  undiminished,  if 
their  motion  conspires  with  the  motion  of 
the  medium. 

14.  Lastly,  that  the  resistance  which  T>o- 
dies  meet  with  when  they  are  projected  or 
moved  by  any  act  of  violence,  does  by  no 
means  infer  the  necessity  of  a  vacuum  to 
other  bodies,  which  are  moved  on  other  prin- 
ciples, according  to  the  common  course  of 
nature. 

No  person,  who  is  at  all  versed  in  philoso- 
phical disquisitions,  need  be  reminded,  that 
this  subject  of  natural  motion  is  both  subtile 
and  difficult;  hard  to  be  explained,  because 
it  is  hard  to  be  understood :  therefore  a  can- 
did 
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did  reader  will  not  be  too  hasty  in  judging 
my  expressionSj  when  even  my  conceptions^ 
which  those  expressions  are  intended  to  open, 
may  be  supposed  in  some  instances  to  have 
fallen  very  far  below  the  subject. 

These,  however,  so  far  as  we  can  reach 
them  at  present,  are  the  properties  and  con- 
ditions of  motion :  which  being  previously 
considered,  we  shall  proceed  next  to  the  ele- 
ments;' and  shall  endeavour  to  shew  how 
they  are  difi1:inguished  in  nature,  and  conse- 
quently how  they  ought  to  be  divided  in 
philosophy. 
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DISCOURSE  III. 

On  the  Nature  and  Uses  of  the 
Elements. 

WE  give  the  name  of  elements  to  those 
simple  bodies  of  which  others  are 
composed,  and  into  which  they  are  again 
resolved.  An  element,  with  respect  to  it- 
self, is  a  substance  so  simple  that  it  cannot 
be  resolved  into  any  other :  with  respect  to 
other  things,  the  elements  are  those  mate- 
rials, into  some  or  other  of  which,  all  com- 
pound bodies  are  resolvable. 

The  ancients  generally  agreed  that  the 
elements  are  four  in  number ;  earthy  watery 
airy  and  j^re* ;  and  though  the  chemists  have 
often  disputed  this  doctrine,  it  does  not  ap- 
pear that  they  have  been  able  to  establish 
any  in  its  stead  that  will  stand  the  test  of 
examination ;  or  about  which  they  can  ge- 
nerally 

•  Iroi^sia  fji^ay  xa^Binvy  yr^Vy  Wa;^,  taru^,  a^f  «•  a^X'^i  ^^ 
X«yo|utgy,  ^^a  r%  bSsv  c^wy  Wfolegoy  §^  S  yeyyarq^u  Stob#  Ed. 
%s^  ch*  15. 
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Berally  agree  among  themselves.  We  can- 
not always  judge  of  compounds  from  the 
principles  into  which  they  are  chemically  re- 
solvable; because  th€,operation  which  should 
only  open  and  unfold  the  subject  under  trial, 
has  the  power  of  changing  it,  by  a  fresh 
composition,  into  some  new  thing  which  did 
not  before  exist.  When  wood  has  under- 
gone the  action  of  fire,  an  alcaline  salt  is , 
discovered  in  the  ashes ;  but  nothing  of  this 
kind/is  found  to  exist  in  the  wood,  so  bug 
as  it  remains  in  its  natural  state :  so  that) 
.  'when- we  aim  at  a  solution,  we  have  a^  new 
composition;  and  hence  the  tests  of  che«. 
mistry  are  often  very  deceitful :  yet  ure.  aie 
obliged  to  have  reicourse  to  them;  on  occasion^ 
of  ^our  present  inquiry,  and  shall  find  them 
of  great  service  when  used  with  discretioiu 

Whatever  substance  will  stand  the  trial,  so 
as  not  to  be  divided,  into  any  others;  or,, 
which  cannot  be  composed  ^by  the  uniim  o£ 
any  others;  that  substance  may  properly  be 
iaiken  as-  an  element. 

JKapik,  in  its  simple  state>  is  that  white 
friable  substance  which  remains  in  a  bone, 
after  all  the  other  principles  are  burnt  out  of 
it;  and  will  endure  the  utmost  violence  of 
fire,  without  being  consumed  or  vitrified, 

Tho 
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The  same  element  is  the  basis, of  all  stones 
and  common  earths ;  though  in  the  different 
^rts  it  has  very  different  appearances,  from 
some  new  airangement  of  the  parts,  and 
from  the  introduction  of  foreign  principles. 
When  lime-stone  is  burnt,  we  might  reason- 
ably expect  to  obtain  a  simple  radical  earth 
by  the  operation;  and  indeed  it  is  nearly 
such,  being  extremely  white  and  pure,  espe-^ 
cially  when  it  falls  into  powder  as  it  slackens 
in  the  air :  but  we  discover  plainly  by  its  ef- 
fects, that  fire  is  combined  with  it;  and  this 
element,  in  spite  of  all  our  care,  will  attach 
itself  to  such  bodies  as  we  attempt  to  analyze 
by  exposing  them  to  the  action  of  it.  When 
the  alcaline  or  lixivial  salt  is  all  washed  away 
from  the  ashes  of  burnt  vegetables,  we  have 
a  permanent,  substance  left,  which  will  re- 
t£ua  its  simplicity  under  all  farther  trials; 
and  therefore  we  admit  it  as  another  speci- 
men of  the  element  of  earth  in  its  simple 
form.     But  the  purest  earth  is  obtained  by 
the  distillation  of  rain  water,  which  leaves 
a  powder  at  the  bottom  of  the  vessel,  con- 
sisting of  those  fine  terrestrial  corpuscles^ 
^hich  are  carried  up  and  distributed  in  the 
atmosphere  from  the  smoke  of  burnt  vege- 
tables. 
VOL,  IX,  H  Water 
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Watct  in  springs,  rivers  and  seas,  is  a  ccJili- 
pound  of  many  ingredients :  but  as  none  of 
the  adventitious  matter  will  rise  with  it  into 
vapour,  it  may  be  procured  in  its  simple  form 
by  evaporation  or  distillation:  and  if  the 
fluid  thus  obtained  be  rarefied  into  vapour 
lievcr  so  often,  it  is  capable  of  no  farther 
purification,  and  will  always  return  by  con- 
densation into  the  same  fluid  as  before.  So 
that  here  we  have  another  homogeneous 
substance,  which  we  can  neither  destroy  nor 
decompose,  and  may  therefore  take  it  a* 
another  element. 

When  all  humidity  is  extracted  ffotol-thef 
air,  and  it  is  cleared  of  all  other  extraneous 
particles  that  float  in  it,  there  remains  an 
elastic  fluid,  capable  of  contraction  and  dila- 
tation in  a  very  high  degree,  and  distinct 
from  all  other  fluids  in  the  world  except  fire, 
which  no  art  can  separate  from  it  entirely: 
and  therefore,  though  custom  hath  always 
taken  air  for  a  separate  element,  yet  can  it 
never  be  exhibited  in  its  simple  form;  and  it 
would  perhaps  be  more  agreeable  to  nature 
to  class  it  with  fire  as  a  fluid  of  the  same  ele- 
mentary nature.  By  its  elastic  force  on  the 
surfaces  of  bodies)  and  by  its  obscurity,  it 
differs  from  fire,  which  becomes  luminous 

with 
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M^th  agitation,  atid  can  pendtrate  to  ttie  In- 
ternal substancd  of^  all  bodies :  in  other  re- 
iSpects  it  is  closely  allied  to  it,  so  that  it  i4 
hard  to  say  where  air  ends  and  aether  or  ele- 
mentary fire  begins,  unless  we  allow  that  aii! 
is  always  ascertained  by  its  supei*ficial  pres- 
sure. Such  is  the  relation  between  these  two 
fluids,  that  many  writers  have  insensibly 
fallen  into  the  practice  of  calling  them  by 
the  same  name.  Spirit  is  applied  indilFerently 
by  the  chemists  to  fire  and  air.  The  etheriat 
part  of  cyder  and  beer  is  called.  spiT^it^  and 
comes  forth  from  these  liquofs  as  a  flatulent 
air.  The  etherial  part  of  brandy  is  also  called 
^irity  though  We  cannot  extract  any  air  from 
it,  and  its  inflammability  and  heat  shew  it  to 
be  impregnated  with  fire.  The  ancients,  by 
the  Word  wviVfjtMy  do  not  always  ihean  gross 
tangible  air,  but  that  finer  etherial  spirit 
which  pervades  the  substance  of  bodies,  and 
is  to  be  found  in  the  upper  regions  of  the 
heaven*  Dr.  Hales,  an  English  philosophefj 
speaks  of  iht  aerial  paftides  of  fifty  as  if 
there  Was  a  substance  common  in  some  de- 
gree to  both  fluids.  So  intimate  is  the  rela- 
tion between  them  in  the  experiments  of 
electricity,  that  it  is  difficult  in  matiy  Cases 
to  determine  how  far  an  effect  is  owing  to 
M  3  the 
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the  air,  and  how  far  it  is  owing  to  fire:  but 
this  is  a  subject,  the  farther  prosecution  of 
which  belongs  to  another  place. 

Though  air  cannot  be  obtained  in  a  state 
of  separation  from  the  purer  element  of  fire, 
fire  itself  may  be  found  in  a  simple  form, 
because  fire  can  go  where  air  cannot  follow 
it :  thus  much  at  least  is  true,  that  we  can 
remove  the  grosser  parts  of  the  etherial  fluid 
Qalled  air,  and  leave  none  remaining  but 
Ifhat  $ubtile  part  of  the  same  fluid,  which  can 
pass  through  the  pores  of  glass  and  all  oUjer 
solids.  This  may  be  efi^ected  either  by  the 
air  pump,  the  Torricellian  tube,  or  the  in- 
tense heat  of  a  furnace.  WKen  the  gross 
air  is  extracted  from  a  pneumatic  receiver, 
the  remaining  medium  will  easily  manifest 
itself  upon  any  friction  or  agitation;  and, 
as  it  was  observed  by  Sir  Isaac  Newtpn,  will 
affect  a  thermometer  the  same  as  in  any 
other  space  where  the  air  is  present.  In  the 
space  at  the  top  of  the  tube  of  a  good  baro- 
meter, this  fluid  will  appear  when  the  mer- 
cury is  made  to  vibrate;  and  it  is  said  to  bo 
capable  of  being  expanded,  when  heat  is  ap- 
plied to  it,  so  as  to  depress  the  mercury  in  the 
tube.  In  the  heat  of  a  furnace,  the  medium 
is  so  pure,  notwithstanding  the  air  hath  ac- 

2  cess 


On  the  Elements.  165 

cess  to  it,  that  if  a  glass  jphial  be  hermeti- 
»  cally  clbseti  in  that  'Heat,  and,  when  cold, 
hath  its  neck  broken  off  within  a  vessel  of 
water,  the  phial  will  be  so  completely  filled 
by  the  water  as  to  shew  that  nothing  but 
fire  is  included  in  it ;  no  air,  but  what  is  at- 
tenuated to  such  a  degree  of  purity  as  to  be 
no  longer  distinguishable  from  fire.  When 
a  vessel  is  closed  up  without  any  perceptible 
air  in  it,  we  may  then  say,  that  nothing  re- 
mains in  such  a  space,  but  the  medium,  which 
penetrates  all  things.  Whether  the  vessel  be 
filled  with  the  sun's  ravs,  or  with  that  invi- 
5ible  fluid  which  lies  hid  in  the  pores  of  bo- 
,  dies ;  whether  it  be  dark  as  ether,  bright  and 
shining  as  the  light  of  the  sun,  or  intensely 
hot  as  the  medium  in  the  heart  of  a  furnace, 
we  call  it  fire ;  that  elementary  matter  which 
is  distinct  from  earth  and  water,  and  is  more 
attenuated  and  penetrating  than  air. 

It  is  rather  more  easy  to  prove  that  com- 
pound bodies  are  made  up  of  the  above  men- 
tioned elements,  and  are  resolved  into  them 
again,  by  proceeding  per  descensum  to  dis- 
cover the  simples  in  the  compounds,  than  to 
find  them  separately  in  their  simple  form. 
This  may  be  done  by  examining  the  analysfs 
of  diflferent  bodies  from  the  three  kingdoitis 
M  3  of 
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of  fossih,  plants,  and  animals.     The  articles 
of  the  fossil  or  mineral  kingdom  are  ge^e* 
rally  more  simple  th?in  those  of  the  other 
two,  as  partaking  of  earth  in  a  much  greater 
proportion.    This  element  is  found  under  the 
different  forms  of  metals,  stonies,  gems,  and 
earths  qf  a  looser  texture,  all  of  which  are 
but  earth  differently  modified  J    though  it 
must  be  confessed  that  they  differ  from  pure 
virgin  earth,  in  this  respect,  that  with  the 
utmost  violence  of  fire  they  will  for  the  most 
part  be  converted  into  glass.    The  substance 
of  glass  is  extremely  different  in  appearance 
from  the  white  opaque  earth  of  chalk,  lime, 
bones  and  wood  ashes :  yet  is  it  well  known 
that  common  glass  is  composed  of  the  two 
earthy  ingredients  of  sand  and  alcaline  s;tlt| 
whjch,  being  fused  together  in  the  fire,  settle 
into  that  pellucid  body,  which  no  art  can 
decompose  or  bring  back  again  to  its  consti- 
tijent  niaterials.     How  different  in  appear- 
ance is  the  glass  of  lead  from  the  metal  m 
its  natural  form,  and  from  the  powder  of  red 
lead :  the  substance  is  still  the  same,  but  dif- 
ferently moclified  by  the  action  of  fire,  which 
gives  a  new  arrangement  to  the  parts.     It 
may  seem  strange  to  call  the  metal  of  l^ad 
by  the  name  of  earth ;  but  when  this  metal 
1  is 
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is  kept  in  fusion  over  the  fire,  the  surface  of 
it  is  convicrted  into  a  ponderous  dust,  very 
much  resembling  the  dust  we  tread  upon^ 
Quicksilver,  which  appears  as  a  white  shining 
fluid,  may  be  convprted  by  repeated  agita- 
tion into  a  black  obscure  powder;  and  a 
spectator,  who  should  see  it  only  in  this  latr 
ter  form,  would  never  think  it  capable  of 
the  former,  pr  believe  that  the  one  had  any 
relation  to  the  other.  The  rust  of  iron  is  a 
red  earth,  which  ha^  lost  jts  nietalljc  fonp 
and  colour,  only  by  being  corroded  in  4 
moist  air ;  and  this  same  red  powder,  with 
the  addition  of  any  ^stringent,  is  the  n^atter 
yhich  gives  blackness  to  ^uk. 

Therp  js  no  reasoij  fof  feigi^ing  an  eler 
mentary  mercurial  principle  as  Jhe  basis  of 
metals*.  It  is  more  reasonable  to  under- 
stand that  all  metals  and  mi^erals  are  but 
different  modifications  of  earth:  and  why 
should  that  be  supposed  in  all  metals,  which 
cannot  be  extracted  from  any  one  of  them, 
and  is  producible  only  from  the  red  pon- 
derous earth  of  cinnabar?  Nature  does  not 
M  4  present 

^  This  doctrine  was  invented  to  serve  the  system  of  the 
alchenoists:  for  if  all  metals  have  the  same  metallic  basis,  it 
.  was  rendeyei  more  probable  thfit  thpy  might  all  be  transpj\;itc4 
into  one  another. 
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i>resent  u^  vith  a  multitude  of  principles, 
but  with  an  endless  variety,  af  isittg  frdrn  the 
.different  combinations  of  a  few.  The  three 
jBlements  of  salt^  sulphur,  and  mercury^ 
li^hich  the  chemists  added  to  the  four  others 
of  the  philosophers,  are  in  reality  nothing 
more  than  secondary  substances :  and  though 
it  may  be  very  difficult  to  decompose  them 
with  precision,  yet  in  general  we  may  learn 
their  composition  very  nearly  by  experiment 
and  rational  deduction.  Salts  are  either 
acid,  alcaHne,  or  neutral;  the  acid  is  com- 
posed of  ^arth,  water  and  air,  and  so  is  the 
neutral;  the  alog-line  is  a  composition  of 
earth  and  fire :  and  some  of  these  are  again 
recompounded,  so  as  to  be  two  removes 
from  the  simple  elements ;  which  is  the  case 
of  the  ammoniacal  salts,  and  many  other  he- 
terogeneous bodies.  And  here  it  is  to  be 
observed,  that  air  and  fire  are  capable  of  at- 
taching themselves  to  the  other  elements,  so 
as  to  partake  of  their  fixed  and  quiescent  na- 
ture, and  to  become  as  it  were  solids  them- 
selves in  the  company  of  other  solids,  till  by 
some  force  they  are  again  resuscitated  and 
enlarged  so  as  to  assume  their  former  vola- 
tility. One  third  part  of  the  weight  of  some 
bodies  is  derived  from  such  an  accession  of 

aif 
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mt  or  fire;  and  hence  the  chemists,  whei 
they  yecomptise  inich  bodies,  lirid  die  fngfe- 
dfeiits  fail  Very  stii^prisingly  in  weijglit,  Vheii 
tbmp^red  Vith  the  c6ncrete  body  from  which 
they  ^re  taken*.  When  We  s^  that  saltb 
contain  air  or  fire,  we  m^ii>  in  a  fixed  or 
tjuiescent  state.  Sulphur  is  cotnpoi?6d  of  an 
impure  earth,  an  acid  salt,  arid  "phlogiston, 
that  is  fire  fixed  and  intan^led  in  an  oleagi* 
nous  vehicle.  Mercury  seems  to  be  the 
purest  metallic  earth,  unfixed  by  a  cement  of 
sulphur,  and  owing  its  fluidity  to  an  etherial 
or  watery  principle  combined  with  the  solid 
parts. 

Some  modern  chemists  are  superseding  all 
the  experiments  of  their  predecessors,  and 
would  introduce,  as  primary  elements,  acid, 
alkdliy  and  phlogiston :  but  earth,  air,  and 
water  will  account  for  the  acid ;  earth  aiid 
fire  for  the  alkali ;  and  phlogiston  is  nothing 
but  fixt  fire  in  a  resinous  or  oleaginous  vehi-^ 
cle,  sometimes  more  sometimes  leSs  pure, 
sometimes  gross  and  solid,  as  in  pitch,  tal- 
low, and  the  sulphur  of  metals ;  and  in  other 

cases 

*  Hence  it  appears^  that  most  bodies,  when  once  analyzed* 
can  never  be  recomposed ;  because  the  fir&  and  air,  which 
tnake  a  considerable  part  of  them,  go  off  and  vanish  so  as  ne* 
vcr  to  be  recovered* 
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cases  extremely  light  and  rare,  as  in  smoke, 
vapour,  and  the  lightest  fluids.  Chemistry 
is  a  dangerous  field  for  speculation ;  it  is  a 
science  where  art  runs  so  many  divisions 
upon  nature,  and  the  active  elements  do  so 
interfere  with  and  disguise  the  pthers,  that 
the  chemist  who  resolves  to  he  a  philosopher 
Vpon  his  own  ground,  is  very  soop  ^eyiriljler- 
ed,  and  becomes  visionary  in  his  rcasonipgs 
find  principles.  I  think  it  easy  enough  to 
discover  the  four  eleipents  in  nature  itself; 
but  when  I  go  to  look  for  thpm  in  books  of 
ichemistry,  they  are  so  overlaid  >vith  a  mul- 
tiplicity of  experiments,  that  it  is  not  al way? 
possible  to  extract  any  thing  consistent  from 
them ;  and  therefore  we  should  be  cautious 
of  meddling  too  far  with  an  art  which  hath 
betrayed  so  many  into  the  enthusiasm  of  al- 
chemy. 

Upon  the  whole,  we  do  not  find  any  sufr 
ficient  ground  to  determine,  that  the  ek^ 
ments  generally  acknowledged  will  not  ^cr 
count  for  all  the  compositions  in  the  mineral 
^kingdom.  If  we  proceed  from  thence  to  the 
vegetable,  the  case  will  be  plainer  still;  and 
if  to  the  animal,  plainest  of  all. 

What  is  the  sap  of  plants,  but  water,  al- 
most simple  in  some  cases,  in  others  more  or 
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Ij^ss  impregnated  with  saline  or  unctuous 
particles?  Whence  do  plants  derive  their 
firmness  and  solidity,  but  from  earth,  to 
which  they  are  all  reducible  when  consumed 
\x\,  the  fire  ?  And  then  they  are  joined  with 
the  matter  of  the  mineral  kingdom,  in  the 
composition  of  glass.  When  they  are  laid 
^o  putrify,  a  vast  quantity  of  air  is  detached 
from  them ;  and  we  know  not  how  to  ac* 
count  for  the  acrid  taste,  the  aromatic  and 
caustic  qualities  of  many  vegetable  juices, 
but  from  the  fire  combined  with  them ;  nor 
for  the  inflammability  of  resinous  ever-greens, 
but  from  the  same  cause.  How  far  the  fire 
of  that  ardent  spirit,  which  is  obtained  from 
fermented  vegetable  juices  by  distillation,  re- 
sided in  the  substance  of  the  vegetable  mat- 
ter itself,  should  also  be  considered:  but 
certainly  it  cannot  all  be  derived  from  the 
fire  applied  in  the  operation.  When  the 
matter  of  vegetables  is  volatile,  as  much  of 
it  is  found  to  be,  this  volatility  rhust  be  as* 
cribed  to  air  and  fire  attached  to  it,  without 
which  neither  the  earthy  nor  the  watery  parts 
can  ascend  and  fly  off^. 

In  animals  we.  find  the  same  principles  as 
in  vegetables,  but  difi^erently  combined  and 
qualified.    The  basis  of  their  substance  is  an 

earth. 
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earth,  most  distinguishable  in  the  bones,  the 
ishes  of  which  are  not  fusible  in  the  fire, 
iior  capable  of  running  into  glass ;  and  there* 
fore  J)roper  to  make  such  chemical  vessels  as 
are  used  for  the  assaying  of  metals,  and  are 
necessarily  exposed  to  the  utmost  violence  of 
fire. 

Of  all  the  fluids  in  the  body,  water  is  the 
principal  ingredient.  When  blood  is  set  by 
to  cool,  it  separates  into  a  lymph  or  serum, 
tery  little  differing  from  water,  and  almost 
insipid ;  the  remainder  is  a  coagulated  mass, 
consisting  of  the  red  globular  particles  of 
the  blood,  which  are  composed  chiefly  of 
earth,  and,  when  distilled  to  dryness,  uiay  bie 
reduced  to  ashes.  The  inflammability  of 
animal  oil  or  fat,  shews  that  fire  is  fixt  in  it ; 
and  the  production  of  that  remarkable  body, 
the  phosphorus  of  Kunkel,  which  is  made  of 
putrified  animal  juices,  is  another  proof  that 
fire  is  an  ingredient  in  the  animal  frames 
The  vapour  which  rises  from  the  body  in  per- 
spiration, is  a  farther  proof  that  fire  is  pre- 
sent in  it,  because  water  never  becomes  vo- 
latile but  from  a  mixture  of  fire,  at  least 
when  there  is  any  perceptible  heat  with  it, 
as  in  the  present  instance.  The  vapour  which 
rises  from  the  intestines  of  an  animal  newly 

killed: 
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killed,  is  so  inflammable,  that  it  hath  been 
frequently  observed  to  take  fire  at  a  candle^ 
A  very  large  quantity  of  fixed  air  is  disen- 
gaged from  the  body  of  an  animal  when  it 
putrifies  ;  and  this  is  the  reason  why  bodies 
become  specifically  lighter,  and  float  in  th^ 
water  after  they  have  lain  under  it  a  few 
days,  appearing  big  and  swoln  as  if  they 
were  inflated  with  wind. 

The  four  usual  elements  are  therefore  the 
ingredients  which  discover  themselves  when 
the  human  body  is  decomposed,  and  it  dotlj 
not  appear  that  there  are  any  others :  all  the 
oils,  salts,  and  saponaceous  humours,  may 
be  accounted  for  from  the  properties  of  fire 
and  air,  combined  with  earth  and  water. 
The  body  of  man,  which  is  at  the  head  of 
the  material  creation,  and  hath  always  been 
understood  by  theorists  as  a  lesser  world, 
analogous  to  the  greater,  is  sufficient  by  it^* 
self  to  confirm  and  illustrate  our  doctrine  of 
the  four  elements.  His  bones,  when  the  oil 
and  phlegm  are  extracted,  are  elementary 
earth  ;  his  blood  is  a  red  earth  floating  in  an 
insipid  water  as  its  vehicle.  His  vital  mo- 
tions are  maintained  by  the  heat  of  an  inter- 
nal fire,  and  the  breath  of  his  life  is  the  ele- 
ment of  air. 

Here 
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Here  it  may  be  entertaining,  and  not  al- 
together useless,  to  look  back  to  the  philo- 
sophy of  the  ancients,  and  take  a  vi&fr  of 
their  doctrine  concerning  the  elements.  They 
did  not  think  it  necessary  to  have  recourse 
to  the  operations  of  chemistry,  when  they 
found  the  elements  already  distinguished  ta 
their  hands  in  the  constitution  of  na,ture.  If 
we  consider  the  order  of  things  in  the  frame 
of  the  world,  we  find  the  body  of  the  earth 
situated  first  and  lowest  in  order,  over  which 
the  water  is  spread,  as  being  lighted  and 
more  moveable ;  next  above  the  water  is  the 
air  or  atmosphere ;  and,  above  that,  a  purer 
region,  to  which  they  gave  the  name  of  fire. 
In  respect  of  their  weighty  they  naturally 
dispose  themselves  into  this  order:  earth 
takes  its  place  below  water ;  water  subsides 
in  air;  and  air  itself,  less  rarefied  by  fire, 
sinks  below  that  which  is  more  so.  .  If  we 
begin  the  other  way,  fire  rises  in  air;  air 
rises  in  water ;  water  rises  from  earth.  How- 
ever, though  the  elements  range  themselvei 
.  into  a  natural  order,  we  cannot  absolutely 
say  where  one  of  them  ends  and  the  other 
begins,  because  they  are  blended  together^ 
and  tempered  so  as  to  be  subservient  to  each 
other  for  the  good  of  the  whole.     The  solid 

orb 
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jri)  oi  the  earth  id  every  where  mbisiteiied 
ivith  water,  even  to  the  centre  of  the  hardest 
rocks ;  and  when  we  consider  the  body  of 
the  waters  in  the  sea,  we  find  that  the  ele- 
ment of  water  is  not  circumscribed  by  the 
mtface  of  the  ocean,  but  perpetually  evapo- 
rating and  mixing  with  the  air,  as  air  is  al- 
urays  mixing  itself  with  fire.     The  interme- 
diate elements  partake  of  those  which  are  oil 
each  side  of  them :  water  contains  earth, 
which  is  next  in  order  below,  and  air,  which 
b  next  above ;  while  air  contains  fire,  which 
\&  above,  and  water,  which  is  next  below  it. 
The  ancients  had  many  curious  observa- 
tions on  the  native  temperatures  of  the  ele- 
ments, which  are  heat,  cold,  dryness,  mois- 
ture, and  are  exactly  equal  in  number  to  the 
elements  themselves.     The  earth,  they  said,. 
is  cold  and  dry  ;  water,  cold  and  moist ;  fire, 
hot  and  dry ;  air,  hot  and  moist :  and  that 
there  is  a  wonderful  affinity  and  diversity  ob- 
served in  the  appropriation  of  these  qualities, 
80  as  to  constitute  an  harmony  in  the  ele- 
ments, like  to  that  harmony  which  is  found 
so  agreeable  in  all  other  things,  a  Concordia 
discorSy  whence  arises  the  chief  beauty  of  the 
world.     Thus  earth  agrees  with  water  in  one 
of  its  qualities,  and  disagrees  with  it  in  an- 
other ; 
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pther :  by.  its  coldness,  it  agi;cefll  with  it ;  by 
its  dryuess  it  differs  from  it.  Water  agrees. 
With  air  by  its  moisture,  but.  differs  from  air 
by  its  coldness  :  air  differs  from  fire  by  it& 
moisture,  and  agrees  with  fire  by  its  l^eat 
Thus  it  comes  to  pass,  that  there  is  a  certaiu 
proportion  among  them  ;  so  that  as  earth  is 
to  wat^r,  so  is  water  to  air  ;  and  as  wa,ter  is 
to  air,  so  is  air  to  fire.  Whatever  is  agree- 
able taus,  is  rendered  so  by  identity  and  di- 
versity; and  an  attention  to  this  rule,  is  of 
capital  use  in.  all  compositions,  in  which,  if 
there  is  not,  with  all  the  variety  that  cap  be 
introduced,  a  sameness  running  through  the 
whole,  the  artist  fails  of  his  end,  and  the 
piece  is  good  for  nothing.  In  every  pleasing 
prospect  there  is  a  correspondence  between 
the  objects,  and  an  endless  variety  in  theii 
colours  ;  and  a  picture  has  its  chief  beauty 
from  the  contrariety  of  light  and  shade, 
There  is  a  proportion  between  the  sounds  of 
music,  which  forms  a  consonance  very  de- 
lightful to  the  ear,  but  that  delight  cannot 
be  maintained  without  the  interposition  of 
discords ;  and  the  sweetest  passages  of  the 
piece  are  those  where  the  consonance  and 
dissonance  are  alternate,  or  nearly  so,  like 
the  vicissitudes  of  day  and  nightin  tjie  worldi 

or 
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or  that  of  light  aiid  shade  in  a  piece  of  paint- 
ing. Thus  the  elements,  being  related  by 
qualities  which  have  ideAtity  and  diversity 
ivhen  compared  together,  compose  an  har- 
mony which  we  are  never  weary  of  admiring. 
Some  were  wont  to  dispute  about  the  dig- 
nity of  the  elements,  which  was  the  most 
Excellent  when  compared  with  the  rest.  In 
behalf  of  earth,  it  was  urged  that  the  body 
of  the  earth  is  similar  to  the  body  of  man  ; 
the  one  distinguished  by  sol  id  rocks  and  softer 
matter,  as  the  other  is  fortified  with  bones, 
ind  covered  with  flesh  ;  the  one  furnished 
with  veins  of  water  and  caverns  of  air,  as 
the  body  of  man  with  blood  and  spirit ;  the 
one  yielding  gold  and  gems,  and  every  thing 
that  is  most  precious  from  its  mines  and  quar- 
ries ;  as  the  other  comprehends  all  that  is. 
most  wonderful  and  valuable  in  the  animal 
creation.  In  favour  of  water,  it  was  argued, 
that  the  sea  is  much  more  extensive  than  the 
land,  if  we  look  only  upon  the  surface  of 
each  ;  but  much  more  so,  when  we  consider 
that  vast  body  of  waters  laid  up  within  the* 
bowels  of  the  earth ;  that  the  water  is  the 
source  of  all  that  rain  a,nd  vapour  by  which 
the  earth  is  enabled  to  support  its  produc- 
tions ;  and  farther,  that  it  affords  the  means 

VOL.  IX.  N  of 


178  On  the  Elements. 

of  communication  to  the  most  distant  peop!^ 
of  the  globe,  who  transport  themselves  over 
the  sea  with  much  more  ease  and  expedition 
than  they  could  travel  by  land ;  and  that 
the  superiority  of  water  over  fire  is  evident, 
because  it  has  the  power  of  quenching  it. 
JFor  the  air  it  may  be  said,  that  it  is  the  great 
instrument  of  life  to  all  animals  in  respira- 
tion ;  that  there  can  be  neither  voice  nor 
sound  without  it;  and  that  fire  itself  cannot 
ifubsist,  unless  it  is  fed  and  fanned  by  the 
air  :  that  the  vapours  of  the  sea  would  be  of 
no  use  toward  watering  the  land,  unless  the 
clouds  were   carried   about  by   the  winds* 
But  the  pre-crriinence  is  at  last  given  to  fire, 
as  the  most  active  of  all  the  elements,  and 
indeed  that  which  animates  the  rest,  which 
renders  the  earth  fruitful  by  its  genial  heat; 
makes  the  water  useful  by  turning  it  into 
vapour*;  gives  energy  to  the  air  by  expand- 
ing and  rarefying  it;    and,    in  a  word,  i^ 
the  grand  instrument  in  art  and  nature. 

From  the  preceding  dispute,  we  have  at 
least  this  advantage,  that  we  see  plainly  how 
excellent  all  the  elements  are  in  their  several 
stations,  and  that  all  things  work  togethei? 
for  good  under  the  direction  of  an  all-wise 
and  bountiful  Creator,  who,  of  hiaown  good 

pleasure, 
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pltBAxite^  hath  accoTnmodated  his  cr^lutfea 
with  all  things  necessary  to  their  several  wkfs 
of  life,  ahd  hath  superadded  all  that  is  beau- 
tiful and  most  worthy  of  admiration.  This 
is  one  of  the  best  discoveries  in  natural  phi- 
losophy, without  which  all  other  improve* 
tnents  are  vain  and  lifeless. 

The  Platonists,  who  were  enthusiasticairy 
fond  of  geometrical  Speculations,  accommo- 
dated the  geometrical  solids  to  the  severdl 
natures  of  the  elements,  supposing  the  tLtoitis 
of  fire  to  be  tetrahedrons;  those  of  air  ofirf- 
hedrons;  those  of  water  kosahedrons ;  and 
those  of  earth  hexahedrons  or  cubes,  from 
their  fixedness  and  stability:  but  this  disqui- 
sition hath  not  so  much  sense  in  it  as  the 
foregoing ;  and  therefore  I  shall  not  insist 
any  farther  upon  it,  but  only  to  observe, 
that  the  Platonic  scheme  was  extremely  de- 
fective in  having  no  regard  to  the  sphere; 
which,  though  it  is  not  classed  with  the  re- 
gular bodies,  is  the  most  worthy  of  them 
all,  and  comprehends  all  the  rest  within  it- 
^1f. 

I  have  been,  the  more  induced  to  she^ 
what  sense  the  ancient  philosophers  had  of 
the  elements,  because  the  experimental  pur- 
ttiits  of  the  present  age  seem  to  be  bringing 
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tis  round  again  somewhat  nearer  to  the  c^ld  ' 
exploded  Aristotelian  •  doctrine  of  gravity 
and  levity  in  the  elements.  The  late  disco- 
veries in  electricity  have  introduced  u»  to  the 
knowledge  of  an  element  which  does  not 
gravitate,  at  least  not  in  its  natural  or  vola- 
tile state ;  neither  does  it  seem  very  clear 
that  pure  air,  divested  of  all  humidity  and 
terrestrial  adulterations,  has  any  perceptible 
gravity.  Boerhaave  was  much  in  doubt 
about  it,*  and  few  men  ever  pursued  experi- 
mental science  with  so  much  ardour  and 
judgment  as  he  did.  The  ancients  knew 
that  leathern  bottles,  blown  up  with  air,  were 
heavier  than  when  lax  and  empty  ;  but  they 
imputed  the  apparent  weight  of  such  air 
either  to  the  breath,  or  to  some  other  acci- 
dental humidity,  and  therefore  still  persisted 
to  assert  its  natural  levity. 

There  is  another  doctrine  of  the  ancients, 
which  the  moderns  cannot  controvert,  and, 
now  they  have  such  a  field  of  experiments 
bqfoie  them,  it  is  to  be  hoped  they  will  im- 
prove upon  it :  it  is  likewise  of  great  anti- 
quity amongst  the  Greeks ;  for  I  find  it  in 
Ocellus  Lucanus,  one  of  their  eailiest  au- 
thors, from  whom  I  suppose  it  to  have  been 
borrowed  by  Cicero;  namely,  that  two  of 
.  '^  the 
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the  elements  are  active,  and  the  other  two 
passive.  Fire  and  air  have  the  powers  of  mo- 
tion ;  water  and  earth  are  only  capable  of  re- 
ceiving their  impressions  :  of  which  doctrine 
we  have  an  obvious  instance  in  the  body  of 
man,  which  hath  life  and  motion  so  long  as 
air  and  fire  maintain  their  proper  stations, 
and  perform  their  proper  offices  in  it ;  and 
when  the)"  have  left  it,  it  is  nothing  but  an 
inactive  mass  of  earth  and  water,  falling 
quickly  into  dissolution. 
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DISCOURSE  ly. 
Of  Fire,  its  Properties  and  Effects, 

On  the  sfveral  Kinds  of  Fire. 

FIRE  is  that  subtile  fluid  which  remaini 
when  the  air  is  withdrawn :  it  is  present 
within  the  pores  of  all  bodies,  as  well  bs  m 
the  free  spaces  of  the  atmosphere  and  the 
heavens ;  and  it  affects  us  with  light,  hpat, 
and  a  sensible  force.  The  eyes  distinguish 
it  by  its  splendour,  the  blood  grows  hot  with 
its  motion,  and  the  muscles  are  sensible  of 
its  impulse. 

Fire  is  commonly  divided  into  three  sorts, 
solar y  culinary,  and  elementary.  The  solar 
is  that  fire  which  resides  in  the  orb  of  the 
sun,  as  in  its  reservoir. or  fountain,  and  pro- 
ceeds from  it  in  the  form  of  light.  The  cu- 
linary is  that  fire  which  is  kindled  upon  earth 
by  any  artificial  means,  and  burns  in  any 
sort  of  fuel.  The  elementary  is  that  subtile 
fluid  which  resides  cqnstantly  iii  a\\  gross  bo- 
dies, 


OfFvrCy  itJs  Properties  and  Effects.  18S 

dies,  and  is  not  necessarily  distinguished  by 
its  heat  as  culinary  fire,  nor  by  its  light  ad 
the  solar  or  sidereal  fire,  but  is  known  by 
other  effects,  even  in  a  cold  invisible  state. 

If  it  is  true  that  natural  effects  are  not  to 
be  ascribed  to  many  different  means  or  agents, 
where  fewer  will  suffice,  tjiese  three  ought 
to  be  one  and  the  same  fluid,  because  they 
have  the  same  properties  and  the  same  effects. 
The  solar  fire  will  burn  in  fuel,  and  act  on 
solid  matter  with  greater  effect  than  the  most 
violent  fire  of  a  furnace ;  the  culinary  fire 
will  promote  vegetation,  and  ripen  fruits  as 
the  sun  does;  the  elementary  will  light  a 
candle,  and  fire  gunpowder,  as  the  culinary, 
and  will  afford  a  spectrum  of  the  seven  pri- 
mordial colours,  in  common  with  the  solar 
rays,  or  the  light  of  an  ordinary  fire,  and 
will  also  throw  metals  into  fusion  with  a  vio- 
lent scorching  heat. 

They  agree  very  nearly  in  their  properties 
and  effects,  but  differ  as  to  the  places  of 
their  residence :  the  one  residing  in  the  sun, 
the  other  in  the  earth,  the  other  in  burning 
fuel.  They  are  likewise  agitated  with  a  dif- 
ferent sort  of  motion ;  the  solar  matter,  or 
light,  moves  in  right  lines  ;  the  culinary  vi- 
brates and  tends  naturally  upwards ;  the  ele- 

N  ^  pientary 
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mentary  presses  in  with  a  shock  to  re;store  an 
equilibrium,  and  is  diffused  in  all  directioBS, 
instead  of  mounting  upwards  as  the  culi- 
nary, or  being  reflected  according  to  the  an- 
gle of  its  incidence  as  the  solar.  But  still 
they  are  so  radically  the  same,  that  what  was 
one,  becomes  the  other.  The  solar  fire, 
which  penetrates  the  opaque  body  of  the 
earth,  is  there  dissipated,  and  becomes  ele- 
mentary ;  and  indeed  the  whole  stock  of  ele- 
mentary fire,  distributed  through  the  world, 
depends  upon-  the  solan  The  elementary, 
agitated  by  any  violent  motion  or  attrition, 
^nd  communicated  to  any  proper  combusti- 
ble matter,  becomes  culinary ;  and  the  culi- 
nary, when  cold  and  extinct,  becomes  ele* 
mentary  again. 

I  have  premised  these  general  observations, 
that  we  may  avoid  confusion,  by  knowing 
what  it  is  we  are  inquiring  after ;  and  now 
it  appears,  that  by  the  name  ofjire  we  un- 
derstand that  subtile  matter  so  generally  dif- 
fused, which,  from  the  sun,  is  called  light; 
when  acting  in  any  sort  of  fuel,  is  commonly 
known  as  burning  fire  ;  and  in  the  pores  of 
bodies,  is  called  aether.  As  we  proceed  we 
§hall  find  farther  evidence,  such  as  it, would 
be  impi^oper  to  produce  at  large  in  this  place, 

that 
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that  the  substance  of  these  is  one  arid  the 
same;  and  therefore,!  shall  speak  of  each  ia- 
-  djscriminately,  under  the  general  name  of 
Jire^  passing  from  one  to  the  other  as  the  sub- 
ject shall  naturally  lead  me. 

Fire  is  a  Corporeal  Substance. 

There  having  been  different  opinions  of 
philosophers  concerning  fire;  somecontend* 
ing,  that  it  is  incorporeal,  and  others,  that 
it  is  nothing  of  itself,  but  only  the  effect  of 
motion  in  the  solid  parts  of  bodies ;  it  will 
be  proper  to  shew,  in  the  first  place,  that  fire 
is  material,  and  hath  actual  extension  as  a 
body:  which  will  be  plain  from  the  follow- 
ing considerations  : 

1.  That  fire  can  drive  out  other  matter 
from  any  given  space;  and  certainly  that 
which  can  expel  other  bodies,  and  take  the 
place  of  them,  must  itself  be  body.  If  the 
ball  of  a  thermometrical  tube  is  filled  with 
air,  spirits,  or  mercury,  fire  applied  under- 
neath it  will  expel  them  all  in  their  turjis; 
'which  it  cannot  do,  but  in  virtue  of  its  own 
proper  extension ;  and  if  it  is  extended,  it  is 
a  bodily  substance.  . 

2.  That  fire  may  be  seen  to  pass  through 

a  liquor 
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a  liquor  in  bubbles^  like  air,  and  is  there« 
fore  material  as  the  air  itself  is.  When  a 
^lass  phial,  three  parts  full  of  pure  water,  is 
placed  upon  live  coals  of  wood,  so  as  to  ac-. 
quire  its  heat  IJjy  degrees  lest  the  glass  break; 
when  it  is  beginning  to  boil,  a  fine  transpa- 
rent matter  is  s^en  to  shoot  in  subtile  streams 
through  the  bottom  of  the  vessel,  expanding 
itself  as  it  ascends  through  the  water ;  and, 
as  the  boiling  increases,  this  matter  enters 
with  greater  velocity,  and  with  a  greater  cx^ 
pansive  force ;  impelling  the  water  before  it 
by  a  true  corporeal  percussion,  and  with  z 
power  far  superior  to  the  pressure  of  the  at- 
mosphere, as  we  shall  have  occasion  to  shew 
in  another  place. 

,  3.  A  fluid,  subject  to  like  laws  with  the 
elastic  air,  must  be  material  as  the  air  is. 
Fire,  in  common  with  air,  is  subject  to  be 
confined  by  an  incumbent  pressure,  and  re- 
leased when  that  pressure  is  withdrawn.  Fire 
would  make  water  boil  much  sooner,  if  it 
were  not  resisted  by  the  pressure  of  the  at" 
mosphere  upon  its  surface ;  and  therefore  it 
boils  with  a  very  low  degree  of  heat  in  the 
vacuum  of  an  air-pump.  Fire  evaporate* 
from  an  heated  liquor  more  slowly  when 
coa»teracted   by  the  pressure  of  the  aii^y 

which 
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which  Hnders  it  from  being  freely  expanded. 
If  two  equal  vessels  of  water,  equally  heated^ 
are  set  to  cool,  one  of  them  under  the  cx^ 
hausted  receiver  of  an  air  pump,  and  the 
other  in  the  open  air ;  the  water  ynder  the 
receiver  will  be  found  to  cool  much  faster 
than  the  other.  Therefore  fire  is  confined 
by  an  incumbent  pressure,  and  evaporates 
freely  when  there  is  less  resistance.  The 
same  is  evinced  by  many  experiments  in 
electricity,  where  the  electric  fire  is  dissi- 
pated, unless  it  is  resisted  by  the  pressure  of 
the  air  on  the  surface  of  electrised  bodies^ 
^nd  hence  its  force  is  always  greatest  when 
the  barometer  is  highest. 

4.  It  is  farther  evident,  that  fire  is  a  body, 
because  light  (which  is  the  same  in  sub- 
stance) is  subject  to  this  common  law  of  pro- 
jected bodies,  that  the  angle  in  which  it  is 
xeflected  is  equal  to.  the  angle  of  its  inci- 
(dence,  which  cannot  possibly  follow  unless 
it  is  understood  to  be  a  body  impinging  up- 
on a  surface.  That  it  is  a  body  of  extreme 
imd  inconceivable  subtilty  may  be  proved 
from  the  consideration  of  this  particular  case; 
that.if  light  falls  upon  a  surface,  in  a  direc^ 
tion  perpendicular  to  the  surface,  it  is  re-^ 
ikected  from  it  again  in  the  same  perpendi** 

cular. 
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cular.  It  has  been  argued  from  this  cake, 
that  light  has  not  that  impenetrability  which 
is  essential  to  matter,  being  thus 'returned 
by  reflexion  as  it  were  into  itself,  and  lost  in 
its  own  substance.  But  it  hath  already  been 
observed,  that  such  is  the  nature  of  fluids, 
especially  of  this  the  most  subtile  of  all  fluids, 
that  they  can  move  in  a  direction  contrary 
to  themselves,  by  the  sliding  of  the  parts  be- 
side each  other :  and  it  is  farther  to  be  ob- 
served, that  light  so  reflected  upon  itself  be- 
comes so  much  the  more  intense;  which 
shews  that  there  is  a  fresh  accession  of  mat- 
ter to  the  column  by  the  reflexion. 

5.  Boerhaave  brings  it  as  an  argument 
that  fire  is  a  true  corporeal  substance,  be- 
cause the  rays  of  the  sun,  from  a  very  pow- 
erful burning  glass,  directed  to  the  extremi- 
ty of  a  magnetic  needle,  gave  motion  to  it 
as  a  stroke  or  blast  would  have  done.  But 
if  we  want  any  evidence  that  fire  can  affect 
bodies  with  a  true  corporeal  percussion,  we 
have  nothing  to  do  but  to  feel  the  shock  of 
it  in  electricity ;  the  power  of  which  is  so 
effectual  upon  the  muscles,  as  to  leave  no 
possible  doubt  in  the  understanding.  .And 
here,  in  the  experiments  of  electricity,  wo 
constantly  find  that  the  larger  column  hu 
:  '       the 
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the  greater  force,  according  to  the  law  which 
oibtains  in  other  matter;  from  the  smallest 
thread  of  an  explosion,  up  to  the  column  of 
fire  in  lightning;  the  dimensions  of  which 
Far  exceed  all  that  art  can  produce.  How 
ire  bodies  thrown  about,  and  even  heavy 
atones  cast  to  a  great  distance,  by  the  stroke ! 
I  do  not  deny  but  that  the  air  may  also  have 
»ome  share  in  this  effect;  but  I  believe  it  is 
chiefly  that  of  concentrating  the  fire  and 
keeping  it  together. 

6.  There  are  experiments  to  shew  that 
fire,  as  an  actual  substantial  fluid,  is  trans* 
fused  with  different  circumstances,  and  some 
very  unexpected  ones,  from  one  parcel  of 
matter  to  another.  If  hot  water,  in  any 
measure,  is  added  to  the  same  measure  of 
quicksilver  which  iscold,  the  water  will  give 
about  twice  as  much  heat  to  the  quicksilver, 
as  the  quicksilver  with  the  same  heat  would 
give  to  cold  water*.  How  can  this  be,  un- 
less fire  is  an  actual  fluid,   which  has  more^- 

room 

*  This  is  described  more  particularly  in  the  Essay  on  thtf 

First  Principles  of  Natural  Philosophy,  p.  139 — 148.— Ex-* 

periments  of  the  same  kind  with  these  which  I  made  above 

twenty  years  ago,  have  been  repeated  and  diversified,  to 

?iwre  the  trainsfusioh  of  fire,  by  Dr.  Crawford,  in  a  venf 

^S^oos  pamphlet  upon  the  nature  of  animal  beat. 
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loom  to  expand  itself  in  the  interstitial  Vi^ 
cuities  of  the  water,  but  is  condensed  and 
straitened  when  communicated  to  the  closet 
passages  of  the  mercury  ?  On  any  other  sup- 
position, the  fact  is  contrary  to  the  laws  of 
mechanics;    which  in   all  cases'  allow  the 
greater  momentum  to  the  heavier  matter 
And  hence  it  ia  certain,  that  fire  is  not  the 
production  of  a  motion  in  the  solid  parts  of 
matter;  because,  in  that  case,  the  heavier 
particles  of  quicksilver  must  communicate 
more  motion  to  the  parts  of  water,  than  the 
parts  of  water,  which  are  so  much  lighter, 
and  have  consequently  less  momentum,  ca!n 
communicate  to  the  parts  of  quicksilver: 
whereas  the  effect  of  water  on  mercury  i« 
twice  as  great  as  the  effect  of  mercury  on 
water;  and  therefore  it  is  not  to  be  solved 
by  any  supposed  action  of  their  parts,  but 
by  the  transfusion,  and  expansion,  and  con- 
densation of  an   actual  fluid  within  their 
pores;  which  fluid  is  the  matter  of  fire. 

7.  The  materiality  of  the  rays  of  light  is  a 
necessary  consequence  of  their  decompo-  , 
sition.  Whatever  is  immaterial  must  be  pun 
and  simple:  but  the  light  is  a  mixt  sub- 
stance, consisting  of  ray^  which  differ  in 
^olour^i  and  according  to  t^eir  colour  are 
3  ~  differently 
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differently  refrangible.    As  light  is  the  ema- 
nation of  fire,  and  that  which  is  light  on  the 
surface  of  a  burning  glass  is  fire  at  the  focu» 
of  it ;  what  is  proved  of  light,  in  respect  of 
its  materiality,  must  be  applicable  to  fire,     x 
It  might  be  sufficient  to  allege  upon  this 
argument,   that  nothing  but  that  which  is 
bodily  can  afiect  the  bodily  senses.     Light 
may  be  seen,  and  fire  may  be  felt:  indeed 
the  rays  of  the  sun  affect  both  senses  at 
once ;  the  slight  by  their  splendour,  and  the 
feeling  by  their  heat;    and   in  the  experi-- 
ments  of  electricity,  the  sliock  of  fire  is  so 
evident  to  the  sense,  that  I  thiivk  nothing 
farther  need  be  urged  to  prove  that  fire  is  a 
sensible  object,  or,  in  other  words,  a  corpo- 
real substance.     And  therefore  we  shall  pro- 
ceed to  examine  some  of  its  properties ;  the 
first  and  most  remarkable  of  which  is  that 
power  it  has  to  penetrate  all  other  bodies^ 
and  to  act  as  well  within  as  without  them. 

On  the  Penetrating  Poxver  of  Fire. 

The  passage  of  the  rays  of  light  througb 
the  body  of  glass  is  so  well  known,  that  it 
need  not  be  insisted  upon^;  and  it  is^  almost 
as  obvfouSi  that  the  transpar^cy  of  bodies 

is 
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18  entirely  owing  to  the  admission  or  reten- 
tion of  the  light  within  their  pores.  But  the 
same  matter,  .when  it  is  not  visible  by  its  ra- 
diancy, will  be  propagated  freely  through 
such  bodies  as  are  impervious  to  every  other 
substance.  If  a  thermometer  is  closely  co- 
vered with  a  vessel  of  glassi,  any  heat  applied 
without  side  will  raise  the  thermometer  to 
the  same  height  as  if  the  glass  were  not  in- 
terposed :  and  a  coal  of  wood  screwed  up 
fast  in  a  vessel  of  iron,  will  be  ignited  as 
effectually  as  if  it  were  in  the  naked  fire; 
which  couldnot  possibly  happen  unless  the 
matter  of  fire  has  a  free  passage  through  the 
sides  of  the  vessel.  Why  does  a  thermo- 
meter mark  the  same  degree  under  the  ex- 
hausted glass  of  an  air-pump,  as  in  the  opea 
air,  but  because  the  same  degree  of  fire 
which  is  diffused  through  the  atmosphere,  is 
also  diffused  through  what  we  call  a  vacuum? 
When  we  heat  a  ball  of  clay  and  cut  it 
asunder,  it  will  be  as  hot  at  the  centre  as  at 
the  surface.  Water,  Avhen  boiling  over  the- 
fire,  is  as  hot  at  the  top,  as  at  the  bottom, 
which  lies  contiguous  to  the  fire :  and  the 
same  would  probably  be  true,  if  the  vessel 
were  carried  to  a  considerable  height. 
But  how  certain  soever  it  may  be  that  fire 

hath 
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hath  the  power  of  penetrating  all  other  ho- 
llies, it  does  not  appear  that  the  different 
degrees  of  fire  can  penetrate  them  with  equal 
forces  or  in  equal  times.  Heat  and  cdld  are 
not  names  of  things  essentially  different,  but 
only  of  different  degrees  of  the  same  thing*, 
that  is,  of  fire  in  motion ;  and  therefore  we 
call  it  the  penetrating  power  of  fire,  whether 
we  examine  it  in  that  state  which  affects  us 
with  a  sense  of  heat,  or  in  that  other  dif- 
ferent one  which  affects  us  with  a  sense  of 
cold.  In  the  latter  state  it  does  not  pene- 
trate bodies  with  the  same  ease  as  in  the 
former.  If  a  thermometer,  having  the  tem- 
perature of  cold  water,  be  plunged  into  a 
vessel  of  hot  water,  it  will  in  any  given  time 
rise  through  more  degrees  than  it  will  be 
found  to  sink  through  when  removed  from 
the  hot  and  plunged  again  into  the  cold  wa- 
ter. This  is  sufficient  to  verify  the  principle, 
and  the  trial  is  easily  made. 

When  this  subject  first  occurred  to  me,  I 
had  the  opportunity  of  some  very  severe 
weather,  at  which  time  I  immersed  a  vessel 
of  water  in  a  freezing  mixture,  wherein  the 
thermometer  sunk  to  30  degrees  below  the 

VOL.  IX.  o  cypher 

•  See  the  Essay,  p.  i6o,  Sec 
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cyplier  of  Fahrenheit.  I  found  that  23  de- 
grees of  cold  were  propagated  to  the  centre 
of  the  included  vessel  in  the  space  of  five 
minutes.  But  when  the  same  vessel,  with 
water  of  the  same  temperature  as  before,  was 
plunged  into  other  water  with  an  excess  of 
heat  equal  to  the  excess  of  cold  in  the  freez- 
ing mixture,  the  heat  communicated  in  the 
same  space  of  time  amounted  to  64  degrees: 
so  that  the  two  effects  were  to  each  other 
nearly  as  5  to  14*. 

And  thus  it  ought  to  be  in  reason :  for, 
when  air  is  stirring  briskly  in  the  form  of 

wind, 

*  Mr.  Amontons,  an  ingenious  author  of  the  French  aca- 
demy, contrived  a  vessel  of  such  a  structure  as  to  shew  by 
inspection  that  heat  and  cold  were  not  communicated  in 
equal  times,  or  that  a  fluid  will  acquire  heat  much  sooner 
than  it  will  part  with  it*  • 

A  BCD  (fig.  II.  plate  I.)  is  a  cubic  vessel  of  tin,  di- 
vided into  two  equal  cavities  by  the  false  bottom.  IG  is  a 
tube  of  tin  soldered  into  E  F,  and  communicating  with  the 
lower  region  of  the  vessel  at  I,  and  also  with  the  upper  by 
means  of  another  exterior  tube  soldered  to  CD.  PQJsa 
tube  communicating  with  the  upper  cavity  at  the  orifice  P, 
and  also  with  the  reservoir  R.  S  is  a  vent  or  stq>-cock, 
which  being  opened,  the  water  that  is  poured  into  the  re- 
servoir will  descend  and  fill  the  upper  cavity  of  the  vessel, 
as  it  is  expressed  in  the  figure,  after  whicK  the  orifice  must 
be  securely  closedt    - 
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Vind,   it  will  affect  bodies  more  powerfully 
than  when  it  subsides  into  a  calm;  ?ind  fire, 
^by  pai'ity  of  reason,  ought  to  produce  itsi  ef- 
fect sooner  when  it  is  more  agitated.     We 
shall  also  see,  in  the  proper  place,  that  it  is 
the  nature  of  fire,  when  in. a  rising  state,  to 
expand  or  rarefy  bodies ;  by  means  of  which 
it  prepares  for  itself  a  more  easy  admission 
into  their  pores  :  but,  on  the  contrary,  when 
it   is  decreasing,    bodies   are   thereby  con- 
tracted in  all  their  dimensions,  their  pores 
become  narrower,  and  thus  the  cold  helps  as 
^it  were  to  shut  the  door  against  itself.    This 
leads  us  to  consider  that  other  property  of 
heat,  by  which  fire  is  most  generally  known. 
It  is  vulgarly  supposed,  that  where  there 
o  2  is 

The  vessel  being  thus  prepared,  its  lower  half  was  dipped 
into  boiling  water  for  the  space  of  six  seconds,  by  means  of 
which  the  air  in  the  lower  cavity  being  rarefied,  expanded 
itself  through  the  tube  I G,  and  drove  the  water  forcibly  up 
the  tube  PCLinto  the  reservoir  R.  After  which  the  vessel 
being  placed  in  cold  water,  the  water  began  to  descend  from 
the  reservoir,  but  did  not  regain  its  former  station  in  less 
than  IS  or  20  seconds.  The  trial  was  many  times  repeated, 
and  always  with  nearly  the  same  event.  My  experiment 
gave  the  ratio  of  5  to  14,  this  of  Mr.  Amontons  gives  that 
of  6  to  1 S :  and  if  we  consider  that  the  two  experiments 
were  made  at  very  different  ftages  of  heat  and  cold|  the  rc« 
8\jlt8  are  perhaps  as  near  as  they  ought  to  be. 
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is  most  heat,  there  is  most  fire :  but  heat  fe 
rather  owing  to  a  particular  motion  of  fire, 
than  to  the  quantity  of  it.     When  the  air  is 
stirred  into  wind,   its  quantity  is  much  the 
same  as  before,  and  its  weight  differs  but  lit- 
tle upon  the  barometer.     Its  eflfects  as  wind 
are  owing  to  its  motion ;  and  these  efi^ects 
are  most  violent  when  the  wind  moves  in 
contrary  directions,  as  in  the  whirlwind,  and 
in  some  particular  hurricanes.     So  it  is  in 
the  sea,  when  the  wind  is  one  way  and  the 
tide  another;  orVhen  two  streams  meet  and 
form  an  eddy.     It  is  on  this  principle  that 
fire  affects  bodies  with  heat.     So  long  as  the 
rays  of  the  sun  proceed  without  disturbance 
and  preserve  their  parallelism,  but  little  heat 
arises  from  them  :  but  when  they  are  thrown 
together  in  various  directions,  and  returned 
upon  themselves  by  the  action  of  the  air,  or 
by  attrition,  or  by  a  variety  of  reflexions,  or 
by  the  refractions  of  a  common  burning 
glass  throwing  them  into  a  focus,  so  as  that 
they  work  together  with  an  expansive  force, 
then  they  never  fail  to  affect  us  with  a  sense 
of  heat :  and  if  their  agitation  is  both  com* 
plicated  and  violent,  they  will  tear  in  pieces 
and  dissipate  the    bodies   they   act    upon* 
Near  the  surface  of  the  earth  the  rays  of  the 

gun 
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sun  produce  a  much  greater  heat,  on  account 
of  their  various  reflexions,  first  from  the 
matter  of  the  atmosphere,  and  then  from  the 
garth  itself,  but  more  especially  if  the  ground 
is  hard  and  dry,  or  of  a  light  colour.  No- 
thing reflects  the  heat  of  the  sun  more  into- 
lerably than  sand  ;  and  the  reason  is  plain,  if 
we  consider  that  the  particles  of  sand  are 
little  angular  bodies  with  many  sides  and 
polished  surfaces,  so  as  to  throw  the  rays 
that  fall  upon  them  into  a  multitude  of  di- 
j-ections,  and  thereby  keep  up  and  increase 
the  agitation.  Most  people'^have  opportu^ 
nities  of  observing  how  much  the  heat  is  in- 
creased when  the  sun's  light  is  reflected  from 
the  ground  and  from  the  walls  of  buildings 
in  a  public  street:  and  so  great  is  the  tumult 
which  arises  on  this  principle,  that  it  may  be 
perceived  with  the  naked  eye  when  the  air  is 
viewed  obliquely  near  a  south  wall,  or  over 
It  field  of  ripe  corn,  or  along  the  fallow 
ground ;  and  this  vibratory  motion  is  most 
perceptible  in  a  season  of  drought,  when  it 
is  generally  understood  as  a  prognostication 
that  the  drought  will  continue  for  some  time. 
When  this  motion  is  not  visible  to  the  naked 
eye,  but  the  horizon  and  the  objecti^  near  it 
appear  stestdy  and  distinct,  ey^n  then  a  good 
o  3  telescope, 
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telescope,  which  magnifies  about  sixty  time^ 
will  shew  the  light  to  be  in  such  agitation, 
that  the  horizon  of  the  earth  will  look  like 
the  horizon  of  the  sea  in  a  storm,  and  the 
objects  placed  upon  it  will  seem  as  unsteady 
as  a  vessel  tossed  upon  the  waves:  but  who- 
ever would  see  this  tumult  in  thq  greatest 
perfection,  must  view  it  about  the  middle  of 
the  day,  in  the  summer  time,  when  the  sun  is 
most  powerful.  As  we  ascend  higher  in  the 
air,  we  get  above  this  disorder  which  prevails 
near  the  surface  of  the  earth,  and  find  a  more 
quiet,  and  consequently  a  colder  region: 
insomuch  that  if  a  mpuntain  rises  to  more 
than  a  mile  in  perpendicular  height,  the  rays 
of  the  summer  sun  have  not  power  enough 
to  dissolve  the  snows  which  lie  upon  the 
head  of  it.  The  vibratory  motion  with 
which  light  and  fire  are  affected  when  they 
give  us  a  sense  of  heat,  may  easily  be  distin- 
guished by  the  sight  when  pbjects  are  viewed 
through  a  heated  medium.  If  the  flame  of 
a  candle  is  interposed  between  the  eye  and 
the  objects  viewed  by  it,  in  the  day  time, 
those  objects  which  are  seen  a  little  above 
the  point  of  the  flame  will  seeni  to  have  an 
uridulatory  or  dancing  motion ;  because  the 
rays  of  light  which  come  across  the  heated 

mediunij 
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medium,  are  disturbed  and  thrown  out  of 
their  rectilinear  course  by  the  motion  com- 
municated to  them  by  the  flaming  body, 
The  same  fluctuating  motion  in  the  visual 
rays  is  still  more  easily  observed  over  a  dish 
of  burning  charcoal:  but  it  is  never  so  con-r 
spicuous  as  over  a  lime-kiln,  when  the  fire 
hath  subsided,  and  the  stones  have  acquired 
their  full  heat.  The  objects  then  viewed 
through  the  heated  vapour  appear  to  tremble 
in  such  a  manner  as  to  shew  us,  that  th^ 
rays  of  light  are  disturbed  in  their  progress, 
and  that  the  motion  of  fire,  when  it  gives 
heat,  is  not  progressive,  like  that  of  the  rays 
of  light,  but  vibi;-atory :  and  this  gives  the  rqar 
son  why  light  passes  instantaneously  through 
transparent  bodies,  ^vhileheat  makes  its  way 
more  slowly  and  by  degrees.  The  most  vio- 
lent blast  of  air  is  not  found  to  aif^ct  the 
rays  of  light  when  it  blows  across  them :  but 
if  the  mattef  of  fire  strikes  upon  them,  when 
it  is  so  agitated  as  to  give  heat,  they  are 
staggered  in  their  course,  and  no  longer  give 
us  a  steady  sight  of  those  objects  from  which 
they  are  either  emitted  or  reflected,  If  a 
refracting  telescope  is  pointed  toward  a  star 
of  the  first  magnitude,  and  a  candle  is  held 
near  the  farther  end  of  it,  so  as  to  iUumiqat? 
p  4  the 
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the  object  glass  strongly,  the  stat  will  appear 
like  a  train  of  wild-fire  streaming  into  the 
tube.     The  matter  from  the  candle  strikes 
upon  the  rays  from  the  star,  and  meeting 
them  at  various  angles  disturbs  their  paral- 
lelism so  that  they  enter  the  glass  in  many 
directions;  after  which  the  object  is  loa^t  ii^ 
the  confusion  of  its  own  rays. 
'  It  hath  already  been  noted  by  the  way, 
that  it  is  the  nature  of  heat,  when  in  a  rising 
state,  to  expand  or  rarefy  both  solid  and 
fluid  bodies:  and  the  reason  is  this,   that, 
when  fire  is  agitated  with  that  motion  which 
occasions  heat,  it  always  acts  as  if  it  wanted 
more  room;  and  this  in  such  a  wonderfiil 
manner,  as  if  every  particle  of  space  in  which 
it  exists  were  a  radiant  point  or  centre,  from 
whence  it  spreads  forcibly  outwards  in  every 
direction:  and  consequently  when  fire,  thus 
acting,  is  admitted  into  the  pores  of  bodies, 
their  parts  must  be  stretched  out,  and  their 
dimensions  every  way  increased,  according 
to  the  degree  of  fire  by  which  they  are  acted 
upon;     This  expansion  by  fire  is  universal 
upon  all  bodies,  but  those  whose  solid  parts 
are  brought  nearer  together  by  the  evapora- 
tion of  some  fluid  which  the  heat  drives  out 
from  them  :  and  is  first  to  be  observed  in  the 
6  fluid 
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fluid  of  ait,  Avhose  bulk,  by  the  heat  of  boil-' 
ing  water,  is  increased  one  third,  and  with 
the  heat  which  iron  has  when  it  is  growing 
'white,  hath  its  elasticity  augmented  some^ 
what  mote  than  four  times,  as  has  been  found 
%y  experiment.  Most  of  the  effects  of  air 
are  owing  to  this  expanding  force  of  fire, 
which  gives  it  what  we  call  its  elasticity : 
ai\d  though  softie  have  reasoned  as  if  elasti- 
city were  some  property  in  the  parts  of  air 
itself,  Experience  shews  that  this  seeming 
property  in  the  air  depends  entirely  on  the 
jBre  intermixed  with  it.  When  air  is  united 
to  any  solid  matter  in  a  quiescent  state,  and 
is  suddenly  opened  and  rendered  volatile 
again  by  the  penetrating  power  of  fire^  it  is 
extended  to  an  incredible  degree,  and.  its 
force  becomes  amazingly  great.  This  is  the 
reason  why  gunpowder  exerts  such  a  won- 
derful force,  the  actual  ratio  of  which  was 
investigated  by  a  learned  mathematician  of 
the  Royal  Society,  who  was  happy  in  his  ad- 
dress at  calculations  grounded  upon  experi- 
ments*.     He  found  that  the   air  which  is 

volati- 

♦  The  person  here  alluded  to,  was  Mr.  Benjamin  Robins, 
and  the  account  is  to  be  found  at  large  in  his  worics:  bat 
there  is  an  abstract  6f  bia  doctrine  in  roU  riiu  p«  25$  o 

the  Transact.  Abr. 
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volatilized  from  fired  gunpowder  occupies 
about  250  times  as  much  space  a&  wheni  it 
lies  quiescent  in  the  gunpowder :  and  that 
the  space  to  which  this  is  again  expanded  by 
the  heat  of  the  flame,  is  about  four  times  as 
much :  so  that  the  force  or  pressure  of  fired 
gunpowder  is  about  lOQO  times,  greater  thai;i 
the  pressure  of  the  atmosphere ;  which  being 
equal  to  14  pounds  upon  every  square  inch, 
the  force  of  gunpowder  upon  the  same  must 
be  equal  to  14000  pounds ;  which  will  ae* 
count  for  the  astoniship^  eflfects  of  co^nnoi^i 
balls. 

The  particular  action  of  gunppwder  is^  thus 
accounted  for ;  the  sulphur  being  easily  in- 
flamed, as  containing  in  it  a  large  quantity 
of  fire*  or  phlogiston,  is  kindled  suddenly 
by  the  powdered  charcoal  which  is  an  ingre- 
dient of  the  composition :  and  the  siubtik 
fire  of  the  sulphur,  by  opening  the  body  of 
the  nitre,  sets  all  its  fixed  aiv  at  liberty,  which 
being  extended  to  great  dimensionjs,  and  at 
the  same  time  rendered  violently  elastic  by 
the  heat,  explodes,  with  ?:  gre^t  nojse,  an4 

when 

+  ^cti^e  ro  ^Bioy  tig  vrvp,  OLvs^vyif^Bvovy  ex  bIi  ^B^iiovnoLr 
evs§Y^iay  aXXa  ^yvajxsi.  "  Sulphur  is  as  it  were  fire  turned 
cold,  not  any  longer  hot  in  effect  but  in  capacitj."  lij^ 
mes.  chap.  v. 
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when  confined  exerts  a  force  which  far  ex- 
ceeds all  the  destructive  engines  in  use  with 
the  ancients.  There  is  a  singular  circxim- 
stance  which  ^.ttends  the  firing  of  gunpow- 
der; that  although  it  seems  to  generate  ita- 
own  air,  and  expand  by  the  force  of  its  own 
materials,  a  seed  of  the  common  thistle  with 
its  down,  or  any  other  light  body,  suspended 
near  some  fired  gunpowder,  is  always  driven 
inwards  to'Wdixd  the  powder  before  it  is  driveu 
offhy  the  blast.  The  discovery  of  gunpow-* 
der  in  the  latter  ages  of  the  world,  about  two 
tenturies  before  those  experiments  of  elec- 
tricity, which  have  given  us  such  a  new  and 
enlarged  prospect  of  the  doctrine  of  fire,  is 
a  fact  not  to  be  accounted  for  but  from  the 
consideration  of  Divine  Providence,  which 
opens  a  way  at  the  proper  time  to  such  in- 
ventions as  may  tend  either  to  the  instruc- 
tion or  the  correction  of  mankind. 

There  is  another  similar  composition,  in 
which  the  power  of  fire  4s  as  great,  if  not 
greater,  than  in  gunpowder ;  it  is  made  of 
aulphur  and  nitre  as  the  other,  but  with  the 
addition  of  salt  of  tartar.  As  the  sulphur 
melts  over  the  fire,  its  acid  is  strongly  united 
to  the  alcaline  salt,  and  the  nitre  is  thereby 
^Qund  up  and  cpnfined^  till  it  explodes  with 

the 
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the  greater  violence,  by  removing  the  pbstruc-* 
tion  all  at  once.  This  composition  cannot 
be  applied  to  any  such  purposes  as  gunpov-i 
der,  because  it  is  very  slow  in  its  operation^ 
and  cannot  be  kindled  with  a  spark.  We 
have  an  obvious  illustration  from  the  effect; 
of  gunpowder,  that  air  and  fire,  both  of 
which  are  furnished  in  a  wonderful  manner 
by  the  ingredients,  are  the  great  agents  iu 
art  and  nature  ;  the  proofs  of  which  are  so 
numerous,  that  they  will  be  meeting  us  con- » 
tinually  as  we  proceed,  whether  the  worka 
of  art,  or  those  of  nature,  are  the  subjects 
of  our  consideration. 

Water  is  also  expanded  with  very  great 
foice  by  the  action  of  fire  ;  and  it  is  rarefied 
to  a  much  greater  degree  than  even  air  itself. 
When  fire  is  combined  either  with  air  or  wa- 
ter, it  acts  by  their  interposition  upon  the 
surfaces  of  bodies,  which  by  itself  it  would 
easily  penetrate,  and  make  its  escape  insen- 
sibly.' Water  rarefied  about  800  or  1000 
times,  is  commonly  expanded  in  the  air,  and 
must  contribute  something  to  the  eflfects  of 
it;  but  when  water  boils  over  the  fire,  a  va- 
pour rises  from  it,  so  powerfully  extended  by 
the  fire  which  raises  it,  that  if  it  is  confined, 
it  will  force  its  way  through  the  strongest 

vessels 
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Vessels  of  iron.  The  instrument  called  an 
Kolipile,  ^  or  wind-ball,  is  contrived  to  shew 
the  generation  and  force  of  steam.  It  has  a 
long  narrow  neck  with  a  small  aperture, 
through  which  the  steam  rushes  with  great 
violence  in  the  form  of  a  factitious  wind, 
which  will  blow  up  and  brighten  a  coal  of 
wood,  or  put  out  a  candle,  and  feels  as  a 
strong  blast  when  received  upon  ^be  hand. 

If  the  steam  of  boiling  water  is  at  liberty, 
the  water  never  conceives  more  than  a  certain 
degree  of  heat  with  the  act  of  boiling ;  but 
if  the  steam  is  confined  in  a  close  vessel,  it 
re-acts  upon  the  water,  and  raises  the  heat 
so  much  higher,  that  the  water  will  keep  lead 
itself  in  fusion;  and  so  penetrating  is  the 
vapour,  that  it  will  soften  the  marrow-bone 
of  an  ox  in  a  few  minutes.  An  instrument 
was  contrived  on  this  principle,  which  is 
called  Papin's  Digester,  from  the  name  of 
its  inventor,  and  from  its  penetrating,  dis- 
,  solving,  and  as  it  were  digesting,  such  solid 
substances  as  are  exposed  to  the  effect  of  it. 
It  is  made  of  brass,  copper,  or  iron ;  its 
'  cover  is  strongly  screwed  down,  and  there 
is  a  valve  in  the  top  which  answers  the  pur- 
pose of  a  regulator,  keeping  the  heat  under 

a 
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a  proper  limitation,  lest  the .  vessel  bur$t*; 
The  steam  of  boiling  water  is  also  applied 
^s  a  mechanical  force  for  the  lifting  of  greJA 
weights,  and  is  particularly  useful  in  what  fa' 
called  a  jirt-engme^  for  raising  water,  and 
draining  coal  mines.    The  steam  is  conveyed 

into 

*  The  fcAowing  account  of  an  accident  with  one  of  these 
instruments  will  give  us  an  idea  of  the   force  of  steam* 
'^  Having  fixed  all  things  rights  and  included  about  a  pint 
**  of  water,  with  two  ounces  of  a  marrow  bone,  wc  placed 
•«  the  vessel  horizontally  betwixt  the  bars  of  the  grate  abbot 
''  half  way  into  the  fire,  and  in  three  minutes  time  I  found 
**  it  raised  to  a  great  heat ;  and  perceiving  the  heat  in  a 
*'  very  short  time  become  more  raging,  I  stepped  to  tfe 
'*'  side-table  for  the  iron  wherewith  I  managed  the  digester, 
**  in  order  to  take  it  out  of  the  fire,  when  on  a  sudden  it 
"  burst,  as  if  a  musquet  had  gone  oflT.     A  maid  that  was 
'^  gone  a-milking  heard  it  at  a  considerable  distance,  wd 
**  the  servants  said  it  shook  the  house.     As  I  had  foretoldj 
*'  the  bottom  of  the  vessel  that  was  in  the  fire  gave  way ; 
*'  the  blast  of  the  expanded  water  blew  all  the  coals  out  of 
*'  the  fire  all  over  the  room.     All  the  vessel  together  flew 
*'  in  a  direct  line  across  the  room,  and  hitting  the  leaf  on  a 
*'  table,  made  of  inch  oak  plank,  broke  it  all  in  pieces,  and 
*'  rebounded  half  way  of  the  room  back  again.     No  where     .■ 
*'  in  the  room  could  I  perceive  the  least  sign  of  water, 
/'  though  I  looked  carefully  for  it,  and,  as  I  said  before,  I 
*'  had  put  a  pint  into  the  digester ;  save  only  that  the  fi^      ' 
*'  was  quite  extinguished,  and  every  coal  black  in  an  ifl* 
''  stant^r"     See  Phil.  Trans.  Abr.  vol.  viii.  p.  465.  • 
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into  a  large  cylinder  or  barrel  of  iron,  in 
v^Iiich  a  very. heavy  piston  of  the  same  metal 
is  raised;  when  the  piston  is  to  fall,  the  steam 
is  suddenly  made  to  collapse  by  the  injection 
[)f  some  cold  water,  which  immediately  con- 
denses it,  and  makes  a  vacuum,  so  that  the 
piston  is  forcf.d  down  again  by  the  pressure 
of  the  .  atmosphere.  By  these  alternate  ris- 
ings and  fallings  of  the  piston,  many  of 
which  are  performed  in  the  space  of  a  mi- 
nute, the  machine  acts  on  the  work  of  a 
forcing  pump,  by  which  the  water  is  raised, 
and  discharged  at  the  proper  place.  This 
machine,  considering  the  vast  force  of  it,  is 
mt  of  the  simplest  in  the  world ;  but,  like 
the  digester,  may  become  extremely  dange- 
•roiis,  if  the  fire,  by  any  accident,  should  get 
the*  power  over  it  *. 
Mercury  or  quicksilver  is  also  capable  of 

being 

*  A  workman,  who  with  some  others  was  employed  to 
J^ir  a  fire-engine  at  Chelsea,  informed  me,  that  as  they 
wcfc  busy  about  it  in  working  it  to  understand  the  defect, 
the  barrel,  which  w^s  of  great  capacity,  and  too  much  worn 
with  long  use,  burst  on  a  sudden,  and  a  cloud  of  steam  rush- 
ing out  at  the  fracture,  struck  one  of  the  workmen  who  was 
standing  by,  and  killed  him  in  a  moment,  like  a  blast  of  light- 
ning. His  fellows  ran  up  as  soon  as  they  could  to  give  him 
^sistance ;  but  when  they  endeavoured  to  take  off  his  cloaths, 

^  flesh  came  away  from  the  bones  along  with  them. 
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beiqg  turned  into  an  elastic  vapour,  with  a 
certain  degree  of  heat ;  and  if  experiments 
.were  made  upon  it,  we  might  possjbly  find 
this  A^apour  as  strong  as  that  of  water :  but 
instead  of  dwelling  any  longer  upo^i  vapo- 
rous expansion,  it  will  be  proper  to  consider 
the  expansion  of  metals,  all  of  which- are- 
extended  by  fire,  and  seemingly  with  an  ir- 
resistible force. 

If  a  rod  of  iron,  six  inches  long,  be  laid 
in  the  fire  till  it  begins  to  grow  red,  it  will 
gain  about  one  twentieth  part  of  ar*  inch  in 
length,  that  is,  120th  part  of  the  whole;  so 
that  a  rod  of  the  same  metal,  ten  feet  long, 
would  increase  a  whole  inch  in  length  with 
the  same  heat.  That  the  metal  is  proportion- 
ably  extended  in  breadth  at  the  same  time, 
may  be  known  by  passing  it  through  an  apisr- 
ture  which  exactly  fits  it  when  cold,  but  will 
not  admit  it  when  it  is  heated.  This  is  one 
reason  why  clocks  go  differently  when  carried 
into  a  hotter  or  a  colder  climate ;  for  the 
times  of  the  vibrations  of  pendulums  areal" 
ways  in  the  subduplicate  ratio  of  their  lengths; 
and  as  the  length  varies  with  heat  and  cold, 
the  times  of  the  vibrations  will  be  altered: 
and  though  the  quantity  of  this  alteration 
may  be  exceedingly  small,  if  it  be  taken 

o.nly 
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f>fibly  in  n  sin^e  vibration,  ydt  when  the  vi<« 
bmtiods  are  oAeti  repeated,  the  effect  wiU  be 
very  sensibly.  An  alteration  of  one  hundred 
thousandth  part  in  the  time  of  a  single  vi- 
bration, will  make  a  change  of  nearly  one 
whole  vibration  in  twenty-four  hours* 

In  the  Philosophical  Transactions  there  is 
a  description  of  a  Pyrometer,  intended  to 
•hew  the  different  expansions  of  different 
metals  with  the  same  degree  of  heat.  Thes^ 
experiments  were  made  with  a  view  to  the 
forming  of  a  compound  pendulum,  in  which 
two  metalline  rods  differently  expanded  should 
be  so  adjusted,  as  that  the  one  might  correct 
the  irregularities  of  the  other,  and  by  so 
doing  keep  the  ball  of  the  pendulum  always 
at  the  same  distance  from  the  point  of  sus« 
pension. 

I  l^ought  the  force  of  this  expanding 
power  of  fire  was  a  subject  worth  inquiring 
into,  and  therefore  got  an  instrument  made 
of  a  very  obvious  construction,  for  the  pur- 
pose of  reducing  it  to  actual  measure ;  by 
means  of  which  instrument,  the  flame  of  % 
farthing  candle  was  found  to  be  of  sufficient 
force  to  lift  a  weight  of  five  hundred  pounds^ 
without  any  assistance  from  the  mecjaianical 
powers,  and  with  no  great  degree  of  hea^i 

VOL.  IX.  p  W 
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as  it  may  well  be  imagined,  when  so  incon^' 
siderable  a  flame  was  more  than  sufficient  to 
supply  it     In  Plate  II.  fig.  1.  A  is  a  bar  of 
brass  or  iron,  placed  verticaHy  between  the 
top  of  the  frame  dddd^  and  the  shorter  arm 
of  the  first  lever  L.     This  frame  is  made  of 
iron ;  and  as  the  chief  stress  is  against  the 
top,  it  is  strengthened  there  with  an  addi^ 
tional  bar,  closely  applied  with  cramps.  The 
three  levers  with  their  centres  are  of  steel, 
the  pillars  of  brass :  the  foot  or  stand,  to  which 
all  the  parts  are  strongly  fastened  with  screvai 
and  nuts  underneath,  is  of  wood.    The  mo^ 
tion  of  the  shorter  arm  at  L,  where  the  bar 
A  is  applied,  is  to  the  motion  (or  space  de- 
scribed, by  the  third  lever  at  W,  where  there 
is  a  hook  to  hold  different  weights  as  occa* 
sion  requires)  in  the  ratio  of  unity  to  100; 
so  that  a  weight  of  five  pounds  suspended  at 
W,'  will  compress  the  bar  A  against  the  upper 
or  horizontal  piece  of  the  frame,  with  a  force 
equal  to    a  weight  of  500  pounds.      Any 
leader  who  is  versed  in  the  first  elements  of 
the  mechanical  powers,  will  see  that  the  whole 
instrument  is  a  compound  steelyard,  propef 
to  weigh  the  force  under  consideration.    Bf 
jj^t  addition  of  a  slender  rod  of  deal  as  aa 
index,  screwed   into  the  extremity  of  the 

tki/i 
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third  lever,  the  space  described  by  the  weight 
is  augmented,  and  made  more  distinguish^ 
able.  Some  irr^ularity  being  necessary  front 
the  construction  of  the  machine,  and  a  bear- 
ing of  the  parts  upon  the  application  of  any 
heavy  pressure,  a  correct  measure  pf  the  va- 
lue of  the  motion  in  the  index  was  obtained 
by  m^ans  of  a  screw,  with  a  graduated  plate 
fastened  to  its  axis,  the  performance  of  which 
may  be  understood  from  the  figure. 

A  weight  of  one  pound  being  suspended  at 
W,  and  the  flame  of  a  small  candle  applied 
to  the  bar  A,  the  motion  of  the  index  shewed 
very  plainly  that  the  weight  was  raised  by 
the  force  of  the  fire  expanding  the  bar,  and 
increasing  its  length  in  opposition  to  the 
whole  force  of  the  machine.  Other  weights 
of  two,  three,  four,  and  five  pounds  being 
(suspended,  it  still  appeared  that  the  expand- 
ing power  of  the  fire,  in  so  small  a  compass, 
was  superior  to  a  weight  of  five  hundred 
pounds ;  and  there  is  no  doubt  but  that  the 
flame  of  a  farthing  candle  would  overcome 
a  weight  of  five  thousand  pounds  with  the 
same  ease,  if  the  parts  of  the  instrument 
would  conveniently  bear  the  stress  that  would 
be  necessary  in  such  a  trial. 

Any  person  who  considers  with  himself 
p  2  how 
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iiow  vast  a  weight  may  be  suspended  from  t 
bar  of  iron  or  brass,  in  a  vertical  positioiii 
without  separating  the  parts  of  the  metal, 
that  is,  unthout  overcoming  the  force  iritli 
which  they  are  made  to  cohere,  may  imagine 
how  great  the  force  of  fire  must  necessarily 
be,  which  can  so  far  relax  the  texture  of  iroa 
and  brass,  that  their  parts  will  fall  asunder 
with  nothing  but  the  force  of  gravity.     All 
that  is  intended  by  the  foregoing  experiment, 
is  tt>  make  some  part  of  this  force  apparent 
to  the  sight.     A  farther  application  of  the 
^ame  machine  to  another  purpose  will  be  men* 
tioned  when  we  come  to  settle  the  several  d^ 
grees  of  fire. 

Thermometers  are  instruments  which  mca- 
sure  the  degrees  of  heat  by  the  expansion  of 
bodies,  which  bodies  are  generally  fluid,  but 
solids  are  capable  of  being  applied  to  the  satnt 
use.  They  are  of  many  different  kinds; 
but  all  proceed  on  this  one  principle,  that 
the  degfee  of  expansion  is  in  all  cases  whab- 
\soever  *  as  the  degree  of  heat ;  which  was 
indeed  always  supposed  J  but  the  kigenioiMt 

•         Dr.    ■ 

*  We  ought  here  to  say,  ceteris  farihns^  becaase  air,  ^ 
we  shall  see  presently,  at  the  same  time  that  it  is  expand 
'  with  heat,  is  also  expanded  on  another  principle/  wiiic&  '^ 
the  lessening  of  the  atmospltericial  column. 
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iSf.  B^K>k  Taylor,  F.  R.  &  to  whom  th* 
yrorld  has  been  so  much  obliged  for  improv* 
ifig  the  science  of  perspective,  invented  % 
Vwy  easy  way  of  proving  it  by  experiment, 
so  that  we  need  be  under  no  doubt  in  regard 
to  the  truth  of  the  principle  *  :  and^  if  fluids 
are  equally  expanded  by  equal  degri^es  of 
heat,  the  (;on verse  of  this  must  be  true,  that 
they  are  equally  contracted  by  ^ual  degrees 
of  cold ;  which  is  indeed  only  to  follow  th^ 
yame  rule,  per  descemUm. 

p3  The 

*  '^  I  provided  a  good  linseed  oil  thermometer,  which  t 

f<-  marked  with  small  divbions,  not  equal  in  length,  but 

<'  equal  according  to  the  capacity  of  the  tube  in  the  severa) 

^'  parts  of  it,  as  all  thermometers  ought  to  be  graduated. 

?*  I  likewise  provided  two  vessels  of  thin  tin,  of  the  same 

f'  shape,  and  equal  in  capacity,  containing  each  about  a  gaU 

«'  lon^  TTien  (observing  in  every  trial  that  the  vessels  werd 

'*  ooU  before  the  water  was  put  in  them,  as  also  that  the 

f*  vessel  I  measoied  the  hot  water  with  was  well  heated  witl^ 

f'  it,)  I  successively  filled  the  vessels  with  one,  two,  three| 

'^  &€•  parts  of  hot  boiling  water,  and  the  rest  cold ;  and  at 

^  last  with  all  the  water  boiling  hot  j  and  ii^  every  case  ^ 

^  ioimersed  the  thermometer  into  the  water^  and  observed 

f  to  what  laark  it  rose,  making  each  trial  in  bodi  vessels 

ff  for  ;he  greater  accuracy.    And  haying  first  olHerve4 

f<  whefe  the  thermometer  stood  in  cold  water,  I  found  that 

M  its  risW  frqm  that  mark,  or  the  expansion  of  the  oil, 

^  was  accurately  proportional  to  the  quantity  of  hot  water 

f'  in  ^  nm^iKi  that  is'  jto  the  degree  of  heat/^    Trans, 

ISbi^  vol,  vL  p.  if.  p.  49* 
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^  The  fluids  most  commonly  applied  to  this 
purpose,  are  air,  spirit  of  wine,  linseed  oil, 
and  mercury.  To  make  the  most  simple 
kind  of  thermometer,  takf  a  glass  tube  of 
some  length,  with  a  ball  at  the  end  of  it^ 
such  as  are  commonly  used  for  thermometers^ 
and  having  heated  the  ball  a  little  to  expel 
some  of  the  air,  invert  its  orifice  into  a  vessel 
of  liquor,  tinged  with  some  colour  to  make 
Its  motions  the  more  visible :  as  the  ball 
grows  cool,  the  liquor  will  rise  up  thetube^ 
and  its  height  M^ill  vary  with  the  different 
degrees  of  heat  and  cold,  by  means  of  the 
expansion  and  contraction  of  the  included 
air. 

If  a  Florence  flask  is  used  for  this  purpose, 
with  an  ounce  or  two  of  some  coloured  spirit 
in  it,  4nd  a  tube  of  four  or  five  feet  long, 
with  a  small  bore,  is  inserted  into  the  neck, 
so  as  to  have  its  lower  orifice  dipped  below 
the  surface  of  the  liquor,  (but  so  as  not  to 
touch  the  bottom,)  and  the  juncture  at  th^ 
neck  is  made  i^ir  tigj^t  by  a  collar  of  metal 
and  some  hard  cement ;  the  quantity  of  air 
being  very  large,  and  the  glass  so  thin  as  to 
render  it  sensible  of  every  sudden  change, 
we  shall  have  a  curious  therjnometer,  whichi 
jf  i^lacecl  upon  a  graduated  scalp,  a^d  ex- 
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posed  at  an  open  window^  will  never  be  at 
rest;  and  will  therefbie  shew  us  how  th% 
temperature  of  heat  is  continually  changing 
with  every  breath  of  air,  and  even  with  the 
passing  of  a  cloud.  But  all  these  aerial  ther« 
mometers  have  this  inconvenience,  that  as 
they  communicate  with  the  open  air,  they 
act  also  as  barometers ;  so  that  the  absolute 
degrees  of  heat  and  cold  cannot  be  known 
from  them,  till  an  allowance  is  made  for  the 
es^pansions  and  contractions  of  the  included 
air  by  the  changes  in  the  weight  of  the  at^ 
mosphere,  which  are  so  great  as  to  disturb 
these  instruments  very  much,  in  their  per* 
formapce  as  thermometers ;  but  there  may  be 
this  advantage  to  balance  the  inconvenience, 
that,  by  the  rising  of  tjie  spirits  without  ai| 
increase  of  heat,  the  weather  may  bepredictr 
ed  as  by  the  falling  of  the  barometer,  and 
much  more  exactly,  because  the  spirits  will 
here  rise  near  a  foot,  when  the  barometer 
/links  but  an  Inch* 

Another  sprt  of  thermometers  arc  those 
which,  being  hermetically  sealed  by  the  melt- 
ing of  the  glass  at  their  orifice,  after  they 
jure  filled  with  spirits,  have  no  communica- 
tion with  the  outward  air>.  and  are  therefore 
affected  purely  by  the  changes  of  b?at  and 
p  4  coWt 
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cold.  Th^  air  is  expelled  ftotn  the  tuba  hf 
the  heat  of  a  iire,  the  flame  of  a  candle^  &c. 
mnd  when  it  is  filled^  the  open  ead  is  sealed 
up  with  a  blow-pipe<,  The  instruments  fiHe4 
with  spirits  are  of  no  use  in  boiling  water, 
because  pure  spirit  is  raised  to  an  ebuHitioi^ 
with  much  less  heat  than  is  requisite  to  make 
water  boiK  Therefore  another  sort  of  % 
larger  compass  are  made  with  Unseed  fd]^ 
which  never  freezes  in  the  sharpest  frost,  aii4 
yni\  not  boil  (in  the  open  air)  till  it  hasnearljr 
three  times  the  heat  of  boiling  water ;  yet 
these  are  made  with  difficulty,  and  are  very 
sluggish  in  their  motion :  therefore  the  best 
sort  of  thermometer  for  general  use  ia  filled 
with  mercury ;  which  fluid,  on  account  of 
its  great  weight,  is  moveable  in  a  very  fine 
column  or  thread,  without  adhering  to  the 
tube^  as  oil  or  spirit  would  do ;  and  besideSi ' 
all  this,  it  is  very  soon  affected  with  heat 
and  cold,  s^o  as  to  ascend  and  descend  inthf 
tube  with  great  rapidity  ;  but  it  is  always  tQ 
be  observed,  that  the  mercury  applied  to  this 
purpose  should  be  made  perfectly  pure  an4 
flnid  by  distillation  *. 

By 

*  Though  I  am  not  writing  u  a  practical  mochanic    it 
ajtfjr  be  proper  to  subjoin  a  few  brief  directions  conceniing 

'  thi 
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By  these  insttruitients, '  all  the  degrees  of 
fire  within  certain  limits  may  be  ascertained ; 
and  it  is  often  of  great  consequence,  as  vrtW 
as  matter  of  amusement,  to  know  them  ac- 
curately :  but  there  are  higher  degrees  of  fire 
l^ich  cannot  be  found  by  the  performances 
pf  afty  common  thermometer ;  therefore  I 
shall  resume  this  subjefct  when  I  come  to  con- 
rider  the  degrees  of  fire,  and  describe  an 
universal  thermometer,  which  may  be  applied 
t9  all  the  possible  heats  of  bodies,  even  up 
|0  iron  in  fusion, 

Next 

ihe.n^tliQd  of  graduating  thermometers.  There  are  two  ef. 
^ts  in  nature  which  haj^pen  always  with  the  same  degree  of 
heatj  and  the  same  degree  of  cold,  or  very  nearly  so.  The 
irst  of  these  i^  the  boiling  of  water^  and  the  second  the 
freezing  of  water  iqtQ  ice.  The  scale  now  in  use  is  that  of 
Gabriel  Fahrenheit^  who  fixes  the  first  point,  or  poirft  of  0 
^egreesj  at  what  he  calls  the  C0I4  of  Iceland,  which  is  manj 
degrees  below  what  we  commonly  andersta^i^d  as  the  severest 
weather  of  this  climate  ;  but  iq  the  Jate  extreme  cqld  of  Ja- 
fuary  177Q>  a  gentleman,  who  exposed  a  good  thermometer 
pn  a  bleak  hill,  and  watched  it  in  the  night  when  tl)e  feather 
was  sharpest  of  all,  assqred  me  that  he  sa\f  it  within  half  ^ 
^gree  of  0.  At  32  degrees  above  this  ppinr,  wat^  begins 
to  freeze;  and  at  212,  water  boils.  In  order,  therefore^  to 
graduate  a  thermometer  when  it  is  properly  filled  and  sealed, 
Weipost  place  the  ball  of  it  in  a.  vessel  of  snow  or  powder^ 
fd  ice^  and  marjc  the  point  at  which  it  rests,  which  wilL  be 

the 
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Next  aft^r  the  two  first  and  most  general 
effects  of  fu'^,  which  are  those  of  penetrat- 
ing all  bodies,  and  expaading  their  substance 
to  greater  dimensions,  we  are  to  treat  of  its 
other  more  particular  effects;  which  are, 
ebullition,  solution,  liquefaction,  eoaporatum, 
clarificatign,  and  induration.    Each  of  these 

ve 


the  point  of  SS  degrees.  Then  we  are  to  place  it  in  boilinj; 
yf%ttT,  tp  find  the  point  of  212  diegrees.  All  the  idteriWp 
diate  degrees  may  be  found,  by  dividing  the  ^istai^o^  inco 
180  equal  parts,  and  continuing  the  like  division  downwards 
to  0  :  which  equal  divisions  will  be  true,  provided  theboie 
pf  your  tube  is  equal  throughout :  but  this  very  seldom  hap- 
pens ;  and  therefore  it  will  be  requisite  to  find  other  points 
piore  accurately,  either  by  following  some  Other  theitnomcter^ 
of  known  exactness  a$  a  standard,  or  by  weighing  the  partf 
of  the  fluid  successively  as  you  lengthen  the  column  of  oierT 
cury  in  filling  the  tube,  in  order  to  find  the  irregularities  of 
the  bojK  at  seve^^al  stages.  Fahrenheit  himself  give?  two  more 
fixed  points  in  the  scale  of  graduation ;  and  he  might  have 
given  a  third.  If  water  and  ice  apd  powdered  sal  ammoniac 
are  mixed  together,  he  says  it  brings  the  mercury  e^cdy 
down  to  the  xere^  or  0  ;  if  the  ball  be  hel4  in  the  moath  of 
a  person  in  health,  and  heated  with  breath,  it  wiU  take  the 
temperature  of  the  huna^n  body,  which  is  96®  :  and  it  may 
be  added,  that  pure  ajcohol^  by  its  boiling,  will  give  the 
point  of  1 76.  For  some  other  particulars,  which  relate  to 
the  manner  of  filling  the  tube  properly  with  mercury^  cop. 
suit  Fahrenheit's  own  directions.  Phil*  Tt^l^^y  Abr^  Vol.  vif 
p«  6 1 .  part;  ii, 
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ve  shall  take  according  to  the  order  in  which 
tJiey  are  here  laid  down. 

Of  tlbullition, 

-  Fluids  are  raised  to  a  boiling  state,  when 
the  matter  of  fire  passes  with  such  force  and 
freedom  through  their  substance,  as  to  be 
superior  to  the  pressure  of  the  air  upon  their 
3urfaces :  and  when  this  point  is  gained,  the 
&re  having  nothing  farther  to  resist  it,  die 
))eat  nev^r  rises  any  higher;  so  that  all  fluids 
have  a  cieitain  fixed  degree  at  which  they 
toil,  ybe  fire,  which  at  first  penetrated  them 
^iQwly^  ftijd  diffused  itself  in  their  pores, 
now  goe*  thrqijgb  them  at  once,  as  it  were 
mih  a  fiai^h,  ^nd  transpires  at  the  surface 
fvitb  such  violpnp^  a^  to  carry  off  the  parts 
of  the  fluid  in  a  hot  vapour,  which  retains 
its  heat  at  some  distance  fVom  the  fluid;  and 
by  continuing  the  actidn  of  the  fire,  the 
whole  body  of  the  fluid  is  carried  off  and 
•dispersed  in  the  air. 

•  If  it  is  true  that  the  effect  of  boiling  is 
pwing  to  the  fire  overcoming  the  procure  of 
the  air,  it  will  thence  follow,  th,at  if  the 
pressure  of  the  air  is  altered,  the  boiling  will 
poiqnii^nce  at  different  points  of  the  tbermo- 

^ete^ 
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meter:  and  it  is  true,  in  atl  the  ejt{te«iitiMt| 
we  can  make,  that  a  fluid  will  boil  MfoMf, 
when  it  is  less  resisted  by  the  ajn  When 
the  barometer  rises  above  tbf?  mean  state  of 
39,5  inches,  water  will  not  boil  but  witt  an 
beat  superior  to  219  degrees  i  and  wbf$a  it 
falls  below  the  mean  state^  the  sEaito  Wfltdf 
will  boil  with  an  heat  below  S12.  •  But  w^en 
the  pressure  of  the  atmosphere  is  idmost 
entirely  removed  in  the  vacuum  of  ^^  nk^ 
|mmp,  tthe  difference  i$  very  .observafa^  ie-^ 
deed ;  for  water  vill  then  boil  with*  ^  hisst 
liot  exceeding  95  degrees,  which  id  117*^ 
greeS)  below  thp  heat  required  in  the  ep*n 
fidr.  And  hence  it  appears  that  $re  and  air 
fct  as  antagonists  in  this  operation  of  boil- 
ing; fire  on  the  internal  substance  of  fluids 
from  beneath,  and  fiir  upon  their  aur^ace 
from  above. 

There  is  likewise  a  certain  comdition  e( 
the  boiling  fluid  itself  which  occasions  a 
great  difference :  for  where  the  specific  gra- 
vity is  greater,  the  fire,  having  a  destaer 
Hfiatter  to  overcome,  will  not  raise  any  heavy 
liquors  to  a  boiling  state  but  with  a  great 
degree  of  heat ;  of  which  I  need  produce  no 
other  examples  at  present  than  these  two  of 
flcphol  (or  pure  spirit  of  wine)  aaad  mer- 
6  cury^ 
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vury ;  the  former  of  which  being  one  of  the 
li^test  fluids,  boik  at  176^;  the  mercury, 
iwhich  is  the  heaviest  of  all,  a{  700*.  Ex- 
l^ressed  vegetable  oils  are  not  reducible  to 
this  rule  on  account  of  their  tenacity,  and 
probably  for  some  other  reasons  in  the  natu- 
tal  constitution  of  them,  too  obscure  to  be 
pointed  out. 

That  fire,  when  it  makes  a  liquor  boil,  in- 
troduces a  vacuum  against  the  pressure  of 
the  air,  is  very  conspicuous  in  the  following 
experiment  on  boiling  mercury.  Into  a 
common  tube  for  a  barometer  pour  some 
mercury  to  the  depth  of  about  6  or  8  inches, 
and  hpat  it  by  degrees  over  a  dish  of  char- 
coal. When  it  begins  to  boil,  you  will  see  a 
canity  made  by  the  fire  lifting  up  the  fluid 
&0m  the  bottom*  of  the  tube ;  but  as  soon  as 
this  happens,  the  air  immediately  presses  it 
down  again  with  a  violent  shock;  and  these 

alternate 

*  Fahrenheit  gives  us  the  following  short  table  of  boiling 
ki^fatt  and  specific  gravities;  Ibid.  p.  50. 


Spcdfic  gra^rity. 

Boiling  hdght. 

Alcohol^ 

^,uQo 

176 

Rain  watefj 

10,000 

212 

Spirit  of  Nitre;, 

12,935 

£42 

Lycof  Ashesj 

U,6d4 

^0 

on  of  Vitriol, 

1S,775 

646 

^Mcrcory, 

140,000 

700 

&S2  Of  Fifty  iU  PropeHki  ahd  l^iH 

alternate  efforts  of  fire  and  airj  which, afi 
now  a  balance  to  each  other,  occasion  a  bO&-« 
tinual  kno(^king  against  theglas»  at  thi^  b6t^ 
torn*  To  shew  that  the  mercury  docs  not 
occasion  this  knocking  by  its  weight  in  fall- 
ing,  let  the  tube  be  inclined  near  to  anhof 
rizontal  position ;  notwithstanding  which  the 
effect  will  be  the  same  as  before ;  and  therc^ 
fore  it  arises  from  the  atmospherical  pressure 
restoring  the  vacuum  as  fast  as  the  fire  pro* 
d^ces  it.  By  a  vacuum  in  this  place,  it  ii: 
obvious  that  nothing  can  be  meant  but  a 
space  without  air;  because  fire  in  strictnest 
can  never  constitute  a  vacuum- 

Of  Solution. 

The  solution  of  bodies  must  follow  a^  thtf 
natural  effect  of  fire,  for  these  two  reasons  j 
first,  because  it  expels  that  mediating  sub* 
stance,  whatever  it  may  be,  which  serves  as 
a  cement  to  bind  their  own  native  parts  to-, 
getlier:  and  secondly^  because  it  separates 
their  parts,  by  its  expansive  action,  to  such  a 
distance  that  they  lose  in  some  cases  their 
solidity,  in  others  their  continuity. 

Mere  earth  is  a  friable  substance,  which 
will  not  ordinarily  cohere,  unless  it  is  con- 
nected 
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ilected  by  the  addition  of  water,  salt,  oil, 
sulphur,  or  something  of  the  like  kind;  all 
of  which  answer  this  one  purpose  of  filling 
up  its  pores,  and  excluding  the  air  or  ethet 
from  a  free  circulation  within;  in  conse- 
quence of  which,  it  presses  without j  and  acts 
upon  the  solid  parts,  instead  of  acting  be- 
tween them. 

When  fuel  of  any  kind  is  burnt  in  the  fire, 
it  is  dissolved,  on  this  principle,  that  all  the 
ingredients  which  bound  it  together  are  dri- 
ven out  of  it.     When  a  log  of  wood  begins 
to  burn,  the  water  is  first  expelled  in  a  moist 
cloud,  and  oiizes  out  at  the  extremities :  the 
oily,  sulphureous,  and  saline  parts,  are  next 
carried  oflf  in  a  denser  smoke  and  flame;  and 
the  residue,  having  lost  the  matter  by  which 
its  pores  were  filled,  falls  asunder  in  the  form 
of  ashes*     But  fire  alone,  without  the  con- 
current force  of  the  air,  will  not  accomplish 
this  particular  separation.     A  piece  of  char- 
coal closely  shut  up  in  an  iron  box,  and  laid 
for  a  long  time  in  the  strongest  fire,  will  be 
unchanged :  whereas,  if  it  had  been  exposed 
for  a  twentieth  part  of  the  time  to  the  actioh. 

of  a  naked  fire,  where  the  air  has  free  access, 

it  would  have  fallen  into  powder. 
Any  kind  of  body,  which  if  applied  to 
Q  another 
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another  body  actd  upon  it  90  as  to  dissolve 
its  parts,  is  called  by  the  cheinLsts  a  men-^ 
struum.  The  term  itself  is  mysterious  itnd 
insignificant;  the  application  of  it  is  very 
well  known.  Aquafortis  is  a  menstruum  to 
iron,  and  to  all  other  metals  except  gold: 
spirit  of  wine  is  a  menstruum  to  resinous  bo- 
dies ;  and  upon  this  principle  all  the  common 
varnishes  are  made:  water  is  a  menstruum 
to  gums  and  salts;  and  air  is  a  mienstruum 
to  water.  The  two  conditions  requisite  to 
the  operation  of  a  menstruum,  are  a  certain 
accommodation  in  the  parts  of  the  solvent  to 
those  of  the  solvend,  and  a  proper  degree  of 
motion  or  agitation  for  applying  the  parts  t)f 
one  to  the  parts  of  the  other :  of  which  mo* 
tion  fire  is  the  general  cause ;  and  the  whQie 
affair  may  be  thus  illustrated.  If  a  ball  of 
clay  is  laid  in  cold  water,  it  remains  at  rest, 
and  the  fluid  continues  pure  as  before :  but 
if  this  water  is  set  over  the  fire  till  it  boils^ 
the  clay  is  soon  diffused  through  it,  and  the 
whole  continues  turbid,  so  long  as  the  parta 
?)f  the  water  are  agitated  by  the  fire.  But 
when  the  water  grows  cold,  the  clay  subsidef^ 
to  the  bottom,  and  leaves  the  water  ckar^i^ 
The  parts  of  the  clay  being  specifically  hea^* 
vier  than  those  of  the  water,  ought  to  tub— 

sid^ 
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Side  in  them ;  but  this  is  prevented  by. a  mo-  ' 
tiori  in  the  parts  bf  fire :  if  they  are  properly 
agitated,  they  are  suspended  iii  the  fluid; 
and  if  they  are  iftuspended,  it  follows  that 
they  are  agitated.  Froiii  extraordinary  cases 
we  are  to  learn  whjlt  happens  in  others  which 
are  ordinary;  It  i^  hiere  evident,  that  fire, 
by  itd  motion,  separates  and  suspends  the 
{>arts  of  a  solid  body  in  a  fluid  menstruum : 
where  the  motion  of  fire  is  violent,  the  solu- 
tion is  quickly  accomplished,  and  a  very 
large  quantity  of  the  sol  vend  is  sustained  in 
the  menstruum;  therefore,  in  all  ordinary 
bases,  where  the  solution  is  slow  and  gra- 
dual, .and  the  quantity  suspended  is  but  iu- 
fconsiderable,  the  same  effect  is  brought  to 
pass  by  the  imperceptible  intestine  motion  of 
that  ordinary  degree  of  fire,  by  whibh  the  at- 
mosphere and  all  things  in  it  are  constantly 
kgitated :  as  the  agitation  increases,  the  caUSe 
generally  betrays  itself  by  a  proportional  in- 
crease of  heat  *.  Other  menstruums  are  ren- 
.  VOL.  IX;  Q  dered 

♦  Let  a  piece  of  iron  or  cbpper.be  put  into  a  glass  phial 
Wth  aquafortis :  if  it  works  tolerably  well^  place  the  phial 
Mer  a  receiver,  and  exhaust  the  air  i  it  will  then  work 
^hh  much  mote  violence  j  sd  that  if  the  air  were  exhausted 
to.an  high  4egreej  it  might  possibly  take  fire  and  explode. 

While 
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dered  such,  and  derive  all  the  activity  thefy 
have,  by  means  of  fire,  which  co-operates 
and  gives  them  their  propet  effect.  When  a 
stone  is  in  the  condition  of  lime,  strongly 
impregnated  with  the  fire  it  has  acquired  in 
the  operation  of  burning,  the  application  of 
that  moisture  which  the  air  carries  with  it 
will  dissolve  it  by  slow  degrees,  but  water 
poured  upon  it  will  do  it  at  once )  aiid  then 
the  fire  Jt  contains,  entering  into  conflict 
with  'the  water,  rises  to  a  violent  heat,  and, 
as  it  transpires  from  the  pores  of  the  Mone, 
intimately  dissolves  the  whole  substance. 
Thetitility  of  fire,  in  the  works  of  human  art 
and  labour,  is  no  wheie  more  conspicuous 

than 

While  it  is  boiling  with  this  yehemencc,  cctotrive  to  (ftbf 
it  into  a  vessel  of  cold  water  within  the  receiyer,  wBlch 
will  very  soon  so  check  the  operation,  that  if  the  glass  b« 
never  so  well  exhausted,  the  aquafortis  will  not  work  with 
that  violence  so  long  as  it  is  surrounded  by  the  cold  Water. 
That  the  agent  in  this  case  is  fire,  appears  very  plainlyi  8tni 
that  the  motion  does  not  make  the  heat,  but  that  the  £ie  ^ 
heat  occasion  the  motion;  because  when  theair^.  theitetiiral 
antagonist  of  fire,  is  removed,  the  fire  acts  more  freely,  as  it 
makes  water  boil  under  the  same  circumstances  much  loonct 
than  under  the  pressure  of  the  atmosphere.  That  the  cold 
water,  applied  externally,  shouW  check  the  fire,  is  rcry  Mtu- 
ral;  but  no  reason  can  be  given  why  it  should  check  th^ 
operation  if  it  is  supposed  to  commence  upon  any  othcrprin- 
ciple. 
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than  upon  this  occasion :  for,  how  is  it  possi- 
ble for  men  to  build  with  any  effect,  either 
for  ornament  or  security^  unless  we  suppose 
them  possessed  of  this  Avonderful  secret,  (for 
such  it  is,  however  commonly  practised, )  of 
dissolving  stone,  by  me^ns  of  fire  detained 
and  imprisoned  in  a  cold  body,  and  uniting 
it  again  in  a  more  convenient  manner  by  the 
mediation  of  water?  But  fire  is  the  agent, 
without  which  nothing  can  be  done  from  the 
beginning  of  this  work  to  the  end  of  it:  for, 
as  it  changes  the  stone  into  lime  at  first  by 
bufning,  it  fixes  the  mortar  into  solidity  by 
evaporation ;  of  which  we  are  to  treat  in  due 
order.  , 

Water  is  a  menstruum  to  the  several  kinds 
of  salts ;  but  the  power  of  solution  is  not  in 
the  water.  For  let  sgme  water  boil  over  the 
fire  in  a  vessel  of  glass,  into  which  let  sea- 
salt  be  cast  by  a  little  at  a  time,  and  we  shall 
find  that  after  a  large  quantity  hath  been 
dissolved,  the  water  will  still  be  transparent 
as  before;  which  shews  the  solution  to  be 
perfect.  Then  let  the  vessel  be  removed 
from  the^  fire,  and  as  the  water  begins  to 
cool,  some  salt  will  fall  to  the  bottom  :  as  itv 
approaches  nearer  to  the  temperature  of  the 
air,  more  and  morp  of  the  s?ilt  will  he  depo- 
Q  <2  sited : 
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sited :  and  hence  we  argue,  that,  as  the  fire 
by  its  greater  motion  keeps  a  larger  quantity 
suspended,  what  riemains  at  last  suspended  in 
the  water  is  supported  there  by  the  ordinary 
effect  of  the  remaining  heat :  so  that  if  wa* 
ter  could  be  found  without  fire,  it  would  be 
without  the  power  of  solution.  And  indeed 
this  power  never  fails  to  leave  it  at  a  certain 
period,  when  the  water  is  frozen  into  ice; 
because  a  solid  mass  cannot  act  as  a  solvent. 
The  same  medium  that  gives  it  fluidity 
makes  it  a  menstruum,  and  its  dissolving 
power  increases  with  its  heat.  Water  with 
the  common  boiling  heat  will  not  act  upon 
oils  and  sulphurs;  but  if  wood  is  acted  upon 
by  water  in  Papin's  digester  above  described, 
the  smell  will  afterwards  indicaf  e  that  its  oils 
and  sulphurs  are  extracted ;  which  is  also 
clear  from  the  friable  state  to  which  it  is  re- 
duced ;  this  being  the  necessary  consequence 
M'hen  the  oily  parts  aire  gone,  which  served 
as  a  vinculum  to  tie  the  earthy  parts  toge- 
ther. Water  is  therefore  a  solvent,  so  far  as 
fire  enables  it  to  be;  and  therefore,  in  such 
solutions,  not  water,  but  fire  is  the  proper 
agent. 

When  some  bodies  are  wrought  upon  bjT 
some  particular  ttiensfruums  without  the  help' 

of 
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of  g-ny  extraordinary  fire,  and  other  bodies 
are  not  affected  by  the  same  with  all  the  ad- 
vantages we  can  give  them  from  the  same 
element ;  the  difference  must  be  imputed  to 
a  mechanical  fitness  in  one  case,  and  an  un- 
fitness in  the  other,  in  those  minute  parts 
which  constitute  the  different  bodies :    but 
tjiis  difference  we  cannot  account  for,  be- 
cause it  hatb  its  foiinjiati.on  in  what  is  invi- 
sible, and  must  always  remain  so.     Yet,  be- 
ing inclined  to  explain  every  thijig,  we  fall 
upx>n  the  fruitless  expedient  of  attractions 
and  repulsions,  which  bring  us  into  a  laby- 
rinth more  mortifying,   because  niore  per- 
plexing than  our  former  ignorance.      We 
may  readily  imagine,  that  the  primary  con- 
figurations of  the  parts  of  bodies  must  occa- 
sion many  appearances,  which  would  be  na- 
tural and  mechanical  if  such  configurations 
were  the  objects  of  sense :  but  when  we  have 
recourse  to  attractions  and  repulsions,  we  in- 
troduce things  which  have  in  them  nothing 
of  a  physical  nature,  and,  when  defined  by 
different  philosophers,  are  so  full  of  contra- 
diction and  absurdity,  that  honest  ignorance, 
which  knows  itself,  is  preferable  to  the  know- 
ledge of  words  which  convey  nothing  to  us 
but  sound.    An  hungry  stomach,  sensible  of 
q3  /  it| 
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its  own  emptiness,  is  a  symptom  of  health ; 
but  when  it  seems  full,  though  it  has  nothing 
in  it  but  Avind,  the  habit  is  vitiated  by  some 
distemper. 

Of  Liquefaction. 

Liquefaction  is  a  loosening  of  the  parts  of 
bodies  with  a  certain  degree  of  heat,  whicl} 
are  fixt  with  an  inferior*  degree.  This  is  efr 
fected  by  the  matter  of  fire  introdyced  be? 
tweeu  the  parts  of  bodies,  and  driving  them 
farther  asunder  by  its  expansive  force,  ti}l 
they  acquire  a  free  motion  amongst  them? 
selves.  Experiments  have  now  taught  us, 
that  fire  is  both  resident  and  active  in  all 
bodies  at  all  times;  but,  in  order  to  liquefy 
them,  it  must  act  with  a  force  which  is  more 
or  less  according  to  the  subject  it  has  to  worl^ 
upon.  Some  vegetable  oils  expressed  from 
the  seeds  of  plknts  continue  fluid  with  a  tern? 
perature  of  the  air  far  below  the  point  of 
freezing ;  which  is  wisely  so  of dained,  that 
the  seeds  containing  this  oil  may  endure  the 
severest  frosts  of  the  winter  without  being 
hurt  in  their  vital  principle,  and  so  continue 
fit  to  be  opened  by  the  powers  of  vegetatioi^ 
at  th6  proper  season.  Water  requires  a  far- 
ther 
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ther  degree  of  heat  to  keep  it  fluid :  animal 
fat,  bees- wax,  and  res^inou«  matters,  a  farther 
still.  The  metals,  according  to  their  several 
degrees  of  hardness,  require  a  differeut  de* 
gree  of  fire  to  loosen  their  parts;  but  none 
of  them  cqin  resist  the  force  of  it:  we  are 
accustomed  to  say  of  bodies  naturally  hard, 
that  when  they  flow  they  are  melted ;  and 
of  bodiej  naturally  fluid,,  that  when  they 
grov  hard  tliey  are  congealed  ov  frozen:  but 
the  effects  are  similar  in  them  all ;  and  what- 
ever custom  may  require,  philosophy  will 
justify  us  if  we  consider  all  water  as  melted 
ice,  and  a  pig  pf  }ead  as  a  mass  of  congealed 
metal.  All  that  fluidity  which  is  ordinary, 
is  a  lower  kind  of  liquefaction ;  the  difference 
being  only  this,  that  some  subs4:ances  require 
more,  some  le^s  h^at,  to  keep  them  in  thi& 
jstate :  whence  it  follows,  that  if  the  motion 
of  fire  were  to  ceq^se,  universal  rigidity  and 
stagnation  would  (snsue  :  aU  the  qualities  of 
the  ancient  schools,  and  a)l  attractions  and 
repulsions  of  later  philosophy,  would  be  bu^ 
ried  together  in  one  grave,  and  sealed  up 
N  ^nd^r  a  monument  of  impenetrable  brass. ,  . 
As  nature  is  i^ow  constituted,  \^e  piJi.y  con^ 
jiider  natural  bodies,  >\^ith  the  minutest  of  theif 
part3>  as  floating  in  an  ocean  jQf  v^hi^t  the 
q.  4  poe^ 
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poet  properly  terms.  oacoifjLeljov  iruj,  indefatiz 
gable  Jire^  which  is  moved  with  the  same  Vi-. 
gour  now  as  five  thousand  years  ago ;  arid 
that  the  bodies  sustained  in  it  are  hard  or 
soft,  fluid  or  solid,  lax  or  firm,  rare  or  denst, 
expanded  or  contracted,  according  to  those 
changes  in  the  temperature  of  this  element, 
which  keep  up  a  constant  systole  and  diastblia 
through  the  whole  frame  of  nature. 

Of  Evaporation. 

When  fire  transpires  from  fluids  which  it 
has  heated,  its  course  is  upwards,  and  it  car-, 
ries  continually  with  it  into  the  air  that  ex-, 
ceeding  thin  plate  or  stratum  of  the  liquoc 
which  lies  at  the  surface,  where  the  fire,  as 
it  escapes,  comes  into  contact  with  the  air. 
Fluids  which  are  light  and  thin  yidd  a  var 
pour  which  is  spread  into  the  air  and  dissii 
pated ;  but  others  which  are  ponderous,  as 
melted  metals  of  some  kinds,  are  separated 
at  the  surface ;  but  instead  of  being  carried 
aloft,  their  particles  fall  back. upon  the  mass, 
,and  rest  there  in  form  of  a  dry  dust  or  pow? 
der.  This  is  the  case  with  lead :  and  the 
powder  so  detached  is  not  to  be  looked  upon 
as  dross  or  faeces,  but  the  metal  itself  pi^lve-: 

rized. 
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f  ized,  an4  which  will  return  to  it«  fluidity 
vifb  the  application  of  any  flaming  mattef  of 
pil  or  sulphur. 

The  raising  of  vapour  has  always  been  ^ 
jjubject  much  inquired  into  by  philosopher^. 
The  usual  way  of  understanding  it  in  the 
last  age,  yra§  to  $iippose  that  the  matter  of 
Ijght  or  fire,  insinuating  itself  intq  the  par-: 
tides  of  water,  turns  them  into  vesicles,  of 
inflated  spherules,  which,  being  specifically 
lighter  than  air,  are  rendered  buoyant. 
Others  have  asserted  that  fire  is  no  element, 
and  that  the  particles  of  water  are  expanded 
by  a  rppuUive  power,  but  yet  allowing  that 
the  rarefaction  of  the  vapour  is  always  in 
proportion  to  the  heat.  Of  late  it  has  beei^ 
supposed,  that  ajr  acts  as  a  menstruum  on 
water  by  the  power  of  attraction ;  \)\xX  if  this 
is  adopted,  then  air  must  be  supposed  to  act 
downwards,  and  firaw  water  upwards;  which 
is  not  agreeable  tq  the  laws  of  motion,  all 
motion  beiiig  in  the  direction  of  the  moving 
cause.  If  the  rays  of  the  sun  are  supposed 
to  draw  up  the  particles  of  water,  this  again 
is  liable  to  the  same  objection,  unless  we 
mean  it  of  his  reflected  rays,  which  conspire 
with  the  effect  of  evaporation ;  but  the  efl^ect 
\\  of  such  a  kind  that  it  must  be  owing  to  9* 

cause 
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cause  which  diffuses  itself  every  way,  and 
jacts  in  all  directions ;  and  such  is  the  nature' 
both  of  heat  and  thq  electric  niedium. 

When  a  vapour  rises  from  the  surface  of 
an  heated  fluid,  and  goes  up  into  the  air,  alt 
is  consistent  and  rational ;  the  fire  goes  off 
thp  same  way,  and  so  the  causp  and  effect 
^re  in  one  direction ;  and    therefore  if  w^ 
yrould  account  for  evaporation  consistently, 
we  must  reduce  other  cj^ses  to  this,  and  argup 
that  all  slower  and  gentler  evaporations  ^ 
produced  on  the  same  principle  with  this,  in 
which  the  operation  is  more  quick  as  th0 
pause  i$  more  violpnt.     It  is  allowed  by  all, 
that  heat  is  the  general  cause  of  vapour ;  and 
as  the  vapour  raised  by  the  sun's  heat  ia  H 
proportion  to  his  heat,  which  diffuses  itsj^lf 
in  all  directions  near  the  surface  of  the  earth 
^nd  ocean,  we  have  a  cause  adequate  to  the 
effect,  and  need  not  fly  to  any  supplemental 
repulsions   in  water,  or  attractions   in  air^ 
That  vapour  M^ill  not  rise  but  in  air,  is  very 
certain,  bepau^e  if  it  is  ever  so  much  rare* 
iied,  it  must  have  air  to  sustain  it ;  but  tha 
air  no  more  raises  it,  than  it  raises  the  smoke 
which  is  carried  upwards  from  a  fire.     Th^ 
air  is  the  vehicle,  but  is  itself  driven  upwards 
by  the  fire,    in  conmion  with   the    smoke. 

Without 
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Without  the  action  of  the  fire,  the  smoke 
pan  never  rise,  and  without  air  to  sustain  it, 
it  will  fall  backward^  to  the  ground.  In  hot 
countries,  piuch  inore  vapour  i$  raised  than 
in  colder  climates,  and  the  dews  are  exces? 
§ive :  but  if  water  was  dissolved  by  the  atr 
traction  of  the  aif,  it  should  seem  reasonable 
that  the  effect  would  be  greater  where  theaip 
is  denser,  because  the  densest  air  sustains  the 
most  vapour,  and  when  it  grows  rarer,  it  lets 
it  fall  *.  So  great  is  the  dampness  of  the  air 
in  the  East  Indies,  th^t  iron  pvdnance  ex- 
posed to  it  gro\y  useless  with  scales  of  rust ; 
and  instruments  of  steel  are  rusted  byiteveij 
\n  the  pocket.  When  the  human  body  i^ 
inost  heated,  most  vapour  passes  off  at  the 
jkin  by  perspiration.  If  the  pores  are  closed, 
what  should  evaporate  is  reverberated,  and 
works  inwardly  upon  the  fluids  of  the  body, 
like  the  steam  confined  iu  Papin's  Digester  i 
and  the  blood  rises  far  above  its  due  heat 
jnto  a  fever,  as  water  in  that  vessel  rises  far 
above  the  heat  of  boiling :  and  hence  it  comes 
to  pass,  that:  fevers  are  generally  cured  hf 
making  more  room,  and  opening  the  pores* 

It 

t  This  is  contrary  to  the  nature  of  a  menstruum :  water 
l^ustains  most  salt  when  it  is  most  rarefied  by  heat|  and  let^  it 
fall  when  it  becomes  denser  with  cold. 
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It  is  v^ry  remarkable,  tjiat  though  eyapO" 
ration  i«  the  consequence  of  heat,  evapora- 
tion itself  produces  cold.  The  dew  is  raised 
by  the  heat  of  the  sun,  ypt  the  dpw  itself  15 
very  cold.  It  is  vulgarly  conceived  that  the 
dew  follows  the  cold  ;  tut  it  h  found  by  e^- 
pyerience,  that  the  cold  i3  increased  by  the 
dew,  and  other  moist  exhalations.  I  was  in- 
formed by  a  gentleman  who  spent  an  hot 
s^mmpr  in  France,  that  it  was  a  commoii 
practice  to  cool  the  air  of  a  chamber  by  in- 
terposing a  wetted  window  cuftaiij  for  thg 
wind  to  blow  against.  The  sailors  in  jhg 
,  hot  latitude^  cqoI  their  liquors  on  ship-board 
by  hanging  their  bottles  to  the  rigging, 
'>vrapped  up  in  a  wetted  linen  cloth,  and  ex- 
posing them  to  the  wind.  The  Indians  them^ 
pelves  are  acquainted  with  the  same  metbpd^ 
and  the  effect  is  imputed  to  the  evaporation 
of  the  water,  which  is  always  attended  witl) 
cold.  Thus  the  sun,  by  raising  vapour, 
tempers  the  heat  of  his  own  rays.  IJov  thi^ 
comes  to  pass  it  may  be  difficult  to  ^ay ;  un- 
less the  heat  of  the  air  is  absQrbe4  by  vappur, 
as  any  kind  pf  moisture  is  found  to  carry  off 
and  weaken  tlie  fire  wliich  is  diffused  in  elec- 
tric experiments,  and  which  for  this  reasonDC- 
yer  succeed  well  in  damp  weather,  This  isas- 

sign^^ 
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signed  as  the  reason  why  the  body  is  so  very 
sensible  of  cold  in  a  moist  air,  because  the  va- 
pour which  surrounds  the  body  draws  off  ita^ 
natural  heat.  The  ball  of  a  thermometer 
dipped  in  spirit  of  wine,  and  dried  repeat- 
edly, shews  the  effect  of  evaporation  on  thef 
included  meicury,  by  making  it  sink  many 
degrees.  With  etherial  spirit  and  many  re- 
peated immersions  and  insufflations,  a  differ- 
ence hath  been  found  of  thirteen  degrees'*. 
Such  is  the  difference  between  a  moist  and  k 
'  dry  aif ;  for  a  dry  wind  from  a  pair  of  bel- 
lows upon  the  naked  ball  of  a  thermotneter 
will  raise  it,  as  we  shall  see  hereafter.  Oii 
this  principle  the  air  over  a  wood  or  forest  is 
made  colder  by  the  evaporation  from  trees 
and  shrubs.  Thus  plants  themselves  are  kepi 
in  a  more  moderate  air,  and  secured  from  thef 
burning  heat  of  the  sun,  by  the  vapouf  per- 
spired from  their  own  leaves  j  and  the  shaded 
formed  by  vegetable  bodies  is  found  more  ef- 
fectual to  cool  us,  as  well  as  more  ^.greeable  in 
itself,  than  the  shade  of  rocks  and  buildings. 
It  is  very  probable  that  the  mists  and  ex- 
halations which  arise  with  coolness  into  the 
jfower  air,  grow  colder  as  they  rise  higher, 

and 

♦  Since  this  was  written  these  expief iments  have  beeii  car- 
jrted  much  farther. 
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and  contribute  to  that  frosty  coldness  which 
frequently  prevails  there,  even  during  the 
surtimer  heats.  I  am  by  no  means  clear, 
•.  that  the  raising  of  vapour  from  water  has  not 
a  near  relation  to  the  phaenomena  of  electri- 
city, which  are  certainly  found  to  take  place 
among  vapours  when  they  float  in  the  form 
of  clouds :  but  however  this  may  be,  they 
are  still  under  the  direction  of  elementary 
fire,  as  they  were  before;  many  ingenious 
gentlemen  have  been  seeking  after  the  phae- 
ndmena  of  electricity  in  mists  and  vapours, 
whose  labours^  may  by  degrees  carry  us  far- 
ther into  this  part  of  our  subject* 

Of  Odours^ 

As  a  supplement  to  what  has  been  said  of 
evaporation,  we  may  consider  the  phaenome-^ 
na  of  odours,  which  aie  nearly  related  to  it. 
They  are  so  generally  excited,  and  even  ge- 
nerated by  the  action  of  fire  on  various  sub* 
stances,  that  some  of  them  seem  to  owe  their 
existence  to  it.  The  powder  of  brimstone 
is  inodorous  when  cold  ;  but  what  in  the 
world  has  so  pungent  a  smell  as  its  fiery  va- 
pour, when  it  is  opened  and  diffused  by  burn- 
3  ing? 
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ing?   Vinegar,  when  cold,   has  some  little 
odour ;  but  when  heated,  it  becomes  exceed- 
ingly strong  and  penetrating.     Little  or  no 
Bmell  is  to  be  perceived  in  the  fresh  bone  of 
an  animal ;  but  if  it  is  laid  upon  a  fire,  the 
•smell  will  be  diffused  through  a  whole  house : 
:  4nd  it  is  the  same  with  feathers,   which  be* 
come  intolerably  foetid  when  scorched  in  the 
.fire.    This  offensive  smell,  upon  burning,  is 
a  criterion  of  animal  substances,  as  distin-^ 
guishedffom  vegetable,  by  betraying  a  latent 
joiimal  oil ;  and  the  experiment  has  been  ju- 
diciously applied,  to  determine^  to  which  of 
the  three  kingdoms  the  corals  and  coralline 
bodies  belong,  that  are  taken  out  of  the  sea. 
All  the  odours  that  arise  from  putrifying  bo- 
dies depend  very  much  on  the  action  of  heat; 
and  thence  it  appears  to  be  the  design  of 
Providence,    that  when   carcases  are  most 
subject  to  putrify,  and  become  noxious  with 
the  heats  of  the  summer,  there  is  then  a  ge-^ 
heration  of  flies  of  all  kinds  swarming  in  the 
;  ;iir,  ready  to  remove  all  offences  as  fast  as 
;  possible  by  a  voracious  breed  of  maggots^ 
'In  extreme  cold  there  is  no  smell  from  dead 
^  bodies,  because  there  is  no  putrefaction.    As 
\  the  most  fragrant  liquors  when  frozen  emit 

no 
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ho  srtiell*,  so  the  carcases  of  men  and  beasti 
which  have  died  upon  the  Andes,  that  vast 
ridge  of  mountains  in  South  America,  are 
Reported  to  hav6  been  found  untainted  for 
tnauiy  years; 

Upon  the  whole,  though  it  isi  commoii 
Ivith  us  to  impute  all  odours  to  particles  of 
the  soli4  subject  spread  abroad  in  the  air ;  it 
is  by  no  means  improbable,  that  fire  itself, 
lurith  sdtne  particular  modification  of  it  in 
passing  through,  and  circulating  within  cer- 
tain bodies,  may  affect  us  with  the  sensation 
of  an  odour  ;  like  the  rays  of  the  sun,  which 
in  passing  through  painted  glass  will  give  t6 
the  eye  the  impression  of  particular  colours, 
and  continue  so  to  do  a^  long  as  the  glassi 
endures,  without  being  supposed  to  take  any 
thing  away  from  the  coloured  body  through 
Vhich  it  passes; 

Of 

*  Exemplar  hujus  rei  exhibuit  mihi  sptrltus  'vttrioVt  *vola» 
}jI!s  sttlphureus  rectificatusy  solo  acre  in  longum  latoinqoe 
di§si()andu&.  Hit  enim  cum  intensiore  {irigore  in  glicsan 
tongelatus,  etiairi  vitrum  diffregis^et,  ita  ut  hujturfraginfiDtai 
ab  ipso  dilapsa,  ipsum  ita  nudum  destituerent ;  nihikmiinus 
de  ipso  non  solum  nihil  in  auras  divaporavit,  sed  ille  quoqoc 
ita  in  glacie  constitutus,  ne  odorem  quidem  de  siese  sprsit 
eximiom ;  quod  iniensisYtme  fecit  simul  atqiie  tcpidortfW 
iterum  difflueret.     Stahl^  specimen  Beccber^  p.  70* 


OfTire^  its  Properties  and  Effects.  241 


Of  Clarification. 

Clarification  is  effected  by  separating  the 
grosser  particles  and  heterogeneous  matters 
from  liquors,  so  as  to  leave  them  clear  and 
transparent;    or  by  redissolving  the  parts ^ 
which  are  tending  to  a  precipitation,  that  they 
may  be  equably  diffused,  so  as  to  become 
invisible.     When  precipitation  is  occasioned 
by  that  contraction  which  proceeds   from 
cold,  then  heat  is  the  natural  remedy.     If 
wine  is  grown  thick  and  turbid  with  cold,  a 
gentle  warmth  will  promote  a  solution,  which 
makes  it  clear  again.     Urine,  when  exceed- 
ingly turbid,  may  be  restored  to  its  former 
transparency  by  applying  an  heat  equal  to 
that  of  the  human  body.     Some  substances 
are  purified,  when  the  fire  carries  off  the  baser 
partj  and  leaves  the  finer ;  thus  gold  and  sil- 
ver are  purified  in  the  furnace.     Other  mat- 
ters are  purified  by  the  fire  carrying  off  the 
finer  parts,  and  leaving  those  which  are  too 
gross  to  ascend.     Thus  sea-water  is  purified 
and  made  fresh  by  distillation,  because  the 
saline  and  bituminous  parts,  which  make  it 
nauseous  and   purgative,    are  not  volatile 
enough   to  rise  with  the  elementary  water 
VOL.  IX,  R  which, 
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which  contains  them.  But  the  effect  of  fire 
is  never  more  manifest  in  this  work  of  clari- 
fying, than  when  it  raises  a  scum  to  the  top 
of  a  boiling  liquor.  Many  substances^  are 
rendered  impure  by  a  flatulent  spirit,  which, 
being  rarefied,  goes  off  in  the  form  of  bub- 
bles, and  carries  with  it  many  of  the  fouler 
parts  to  the  surface.  On  this  principle  honey 
is  clarified ;  and  when  its  flatulency  is  thus 
corrected,  is  much  titter  to  be  used  as  a, me* 
dicine.  When  impurity  is  occasioned  by  a 
mixture  of  aqueous  parts,  as  it  happens,  to 
oils  and  other  compound  bodies,  a  fire  of  21S 
degrees  rarefies  the  water  into  vapour,  and 
it  passes  off  with  a  crackling  explosive  noise. 
Chemists,  painters,  dyers,  and  other  manu- 
facturers, are  acquainted  with  many  pro- 
cesses in  the  course  of  their  business,  which 
would  serve  to  illustrate  this  part  of  our  sub- 
ject. The  word  purity  is  best  accounted  for 
by  deriving  it  from  -zin;^,  ignis,  because  fire 
is  the  grand  agent  which  purifies  all  things. 

Of  Induration. 

Earthy  substances,   which  have  moisture 

within  them,  grow  hard  by  being  dried,  and 

very  hard  by  the  application  of  a  strong  fire, 

.4  as 
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asi  it  happens  to  bricks  and  tiles  in  bumingi 
The  fire  effects  this  by  driving  the  moisture 
from  the  clay,  so  that  the  parts  which  were 
flexible  by  the  interposition  of  water,  become 
hard  and  fixt.  Bodies  which  are  loose  and 
incoherent,  as  dry  sand,  may  be  bound  to^ 
gether  with  water,  filling  up  those  vacuities 
in  which  the, air  interposed  to  keep  the  parts 
asunder ;  for,  so  long  as  the  air  intervenes, 
the  parts  cannot  be  united :  but  the  air  can 
never  be  so  perfectly  expelled  as  by  means  of 
water.  It  is  a. curious  secret,  and  of  great 
importance  in  some  works  of  art,  that  the 
steam  of  boiling  water  drives  out  air,  and 
kaves  ai  more  perfect  vacuum  than  we  can 
make  oh  any  other  principle.  This  was  Fah- 
renheit's method  of  expelling  the  air  frorii 
his  glass  tubes,  in  order  to  prepare  a  perfect 
vacuum  for  the  reception  of  his  mercury. 
He  boiled  a  few  drops  of  water  in  the  bal^ 
till  the  vapour  rushed  out  as  from  the  aper- 
ture of  an  aeolipile,  and  at  the  proper  time 
removing  it  from  the  fire  till  the  vapour  was 
nearly  spent,  he  sealed  the  end  of  the  tube 
at  a  lamp  ;  then  having  inverted  the  end 
into  a  vessel  of  mercury,  and  carefully  broken 
it  off  under  the  surface,  so  aa  to  admit  none 
R  2  .of 


■^: 
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of  the  external  air,    the  tube  was  at  once 
filled  with  the  mercu^^^ 

This  experiment  shews  that  a  complete 
vacuum  is  formed  by  the  steam  of  boiling 
water ;  and  it  will  help  us  to  explain  the  in- 
duration of  such  bodies  as  grow  hard  with 
the  fire  :  for  when  the  moisture  which  they 
contain  is  raised  to  a  boiling  heat,   its  steam 
expels  all  the  included  air,  and  leaves  a  va- 
cuum within  the  pores,  so  that  there  is  now 
no  water  for  the  solid  parts  to  slide  upon ; 
and  the  external  medium  pressing  forcibly 
on  the  vacuum,  brings  the  solid  parts  nearer, 
and  fixes  them  firmly  together.     So  long  as 
air  and  moisture  are  excluded,  the  body  re- 
tains its  hardness,  but  becomes  soft  and  flex- 
ible again  when  they  are  readmitted ;  nay, 
if  water  insinuates  itself  into  their  pores,  and 
is  therein  frozen  into  ice,   they  are  split  in 
pieces.    Even  sand  itself,  by  being  first  wet- 
ed  and  afterwards  heated,  so  as  to  expel  the 
water,  may  be  bound  into  hardness ;  but  the 
constituent  parts  are  generally  too  large  to 
admit  of  their  being  fixed  to  any  degree  of 
firmness.     Hence  we  learn,  that  lime  should 
always  be  tempered  as  it  is  wanted,  and  used 
while  it  is  fresh ;  for  then  its  own  internal 

heat 
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lieat  expels  the  water  so  effectually,  that  the 
parts  settle  closely  together,  and  constitute 
a  body  as  firm  as  the  stone  itself;  but  prac- 
tical workmen  follow  their  old  ways,  and  can 
very  rarely  be  brought  to  pay  a  proper  regard 
to  philosophical  improvements.  The  Romans 
made  use  of  bricks  dried  in  the  sun,  which 
were  liable  tq  be  dissolved  with  WjBt;  and 
hence  came  the  provejb  laterern  lavare^  ^*  to 
wash  a  brick  ;"  because  the  ipore suph  bricks 
were  washed,  the  fouler  they  became.  A 
strong  heat  is  requisite  to  make  bodies  so 
firm  as  to  stand  the  effects  of  the  weather. 
Glass,  which  is  impenetrable  to  all  kinds  of 
inoisture,  owes  all  its  firmness  to  the  fire. 

Of  the  different  Methods  of  Exciting  and 
Collecting  Fire. 

The  parallel  rays  of  the  sun  might  go  on 
for  ever  and  give  little  or  no  sense  of  heat ; 
but  as  soon  as  they  are  turned  upon  each 
other  by  the  refractions  of  a  digptric  burn- 
ing-glass, or  the  reflexions  of  a  concave  spe- 
culum, heat  is  the  immediate  consequence : 
and  as  every  impression  upon  the  matter  of 
fire,  except  that  of  a  plane  speculum, 
disturbs  its  parallelism,  it  may  be  generally 
'  '  B  3    *  asserted, 
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^wserted,  that  motion  produces  heat,  fire  being 
every  where  present  to  be  affected  by  it 
Even  the  motion  of  the  air  itself  will  in- 
crease the  heat  of  the  fire  that  is  mixed  with 
it.  If  a  pneumatic  receiver,  of  the  most  ca- 
pacious kind,  is  well  exhausted  while  a  good 
thermonieter  is  inclosed  within  it,  the  ther^ 
mometer  will  be  found  to  rise  two  degrees 
with  the  readmission  of  the  cold  air  rushing 
in  with  violence  through  a  small  aperture. 
A  cold  blast  of  air  directed  by  a  pair  of  bel^ 
lows  against  the  ball  of  a  mercurial  thermo- 
meter, will  raise  it  considerably.  When  this 
experiment  has  been  tried  in  cold  weather, 
and  every  necessary  precaution  observed,  I 
have  seen  it  raise  a  thermometer  nearly  nine 
degrees ;  but  it  is  not  found  to  produce  so 
great  an  effect  in  the  warm  weather  of  the 
summer,  though  the  effect  is  even  then  al- 
ways distinguishable. 

This  fact  is  very  surprising,  and  contrary 
to  all  expectation,,  that  the  same  blast  which 
affects  the  hand  with  col.d,  should  be  exciting 
a  greater  degree  of  beat.  But  to  account 
for  this,  it  must  be  remembered  that  every 
such  blast  is  below  the  temperature  of  the 
blood,  and  although  it  raises  heat,  that  heat 
>yill  not  be  perceived.     The  reason  why  a 

wind 
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wind  alwiays  tettoB  colder  than  a  st^nant 
ait,  though  both  are  of  the  samie  A^gtee^  is 
this :  that  the  body  being  surrounded  with  a 
warm  atmosj>hei-e  of  its  own,  by  means  of  thfe 
steam  which  is  continually  rising  from  it, 
and  which  will  affect  a  thermometer  at  some 
^i^tance  from  its  surface,  the  wind  removes 
this  atmosphere,  and  applies  itself  close  to  the 
skin  J  and  therefore  must  give  us  a  greater 
sense  of  cold  than  a  quiescent  air  which  has 
no  force  to  disturb  our  own  natural  atmo- 
sphere, which  serves  as  a  kind  of  clothing  to 
the  body. 

The  common  way  of  collecting  fire  by  a 
flint  and  steel,  is  universally  known^  and  but 
little  understood.  The  vacuities  of  all  solid 
bodies  are  replete  with  fire,  so  that  it  is  im- 
possible to  agitate  or  separate  their  parts 
swiftly  without  giving  the  same  rapid  motion 
to  the  element  contained  within  them,  and 
the  effects  of  this  motion  are  very  extraor- 
dinary. When  a  piece  of  hardened  steel  is 
struck  with  a  flint,  some  particles  of  the  me- 
tal are  scraped  away  from  the  mass ;  and  so 
violent  is  the  fire  which  follows  the  stroke, 
that  it  melts  the  steel,  and  turns  it  into  a  me- 
tallic glass.  If  the  fragments  of  steel  are 
catched  upon  a  white  paper,  and  viewed  with 
ji  4  a  micro*- 
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a  microscope,  they  appear  to  be  perfect  sphe- 
rules, and  very  highly  polished.  Their 
sphericity  demonstrates  that  they  have  been 
in  a  fluid  state,  and  the  polish  upon  their 
surfaces  shews  them  to  be  vitrified. 

It  is  not  every  sort  of  agitation  that  raises 
heat  in  bodies.    A  bell,  or  other  sonorous  bo- 
dy, may  receive  a  stroke,  by  which  all  the 
particles  of  the  metal  are  thrown  into  a  vi- 
bratory motion,  which  continues  for  some 
time,   but  is  not  attended  with  any  heat 
The  following  conditions  seem  to  be  requi- 
site :  first,  that  one  body  should  be  in  con- 
tact with  another;   and,   secondly,  that  it 
should  move  at  the  same  time  swiftly  over 
it;  which  conditions  are  implied  in  the  word 
attrition.     The  closer  the  contact,  and  the 
swifter  the  motion,  so  much  the  more  sud- 
den and  vigorous  is  the  fire.     If  two  pieces 
of  plate-glass  are  rubbed  swiftly  one  over 
the  other  in  the  dark,  sparks  of  fire  will  ap- 
pear between  them ;  and  though  the  touch- 
ing surfaces  are  so  smooth  and  polished  as  to 
seem  incapable  of  offending  each  other,  yet 
as  oft  as  the  fire  appears,  some  particles  are 
scratched  and  torn  away  from  the  surfaces: 
whence  it  should  seem,  that  the  fire  which 
appears  is  not  generated  between  the  sur- 
faces, 
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faces,  but  drawn  out  of  the  s\ibstance* ;  as 
when  the  flint  cuts  away  suddenly  some 
parts  from  the  steel,  which  it  never  fails  to 
do  when  the  fire  appears.  Two  common 
pebbles,  if  white  and  transparent,  will  flash 
with  fire  when  rubbed  together  properly  in 
the  dark,  and  smell  as  if  they  were  scorched. 
If  the  irons  at  the  axis  of  a  coach-wheel 
are  applied  to  each  other  without  the  inter- 
position of  some  unctuous  matter  to  keep 
them  from  immediate  contact,  they  will  be- 
come 

•  The  ancient  physiologist^  had  a  notion,  (in  which  they 
haye  been  followed  by  miany  learned  men,  and  particularly 
by  the  late  Mr.  Hutchinson,)  that  the  fire  which  appears 
upon  these  occasions,  is  generated  out  of  air^  and  that  it  is 
rather  to  be  ascribed  to  an  attrition  or  grinding  of  the  air 
between  the  surfaces  of  two  hard  bodies,  than  to  the  more 
subtile  medium  of  fire  already  subsisting  under  that  form 
within  the  bodies  themselves.    Many  passages  might  be  ex- 

.  tracted  from  the  ancients  to  this  purpose :  but  the  doctrine 
is  not  true.  When  the  air-pump  came  into  use,  Mr.  Boyle 
inquired  very  particularly  into  this  matter,  and  found  that 

.  the  same,  or  even  a  greater  heat,  would  arise  when  two  solid 
bodies  were  rubbed  together  in  vacuo;  and  thence  he  con. 
eluded,  that  the  air  was  not  necessary  to  that  heat  which 
arises  from  attrition,  Mr.  Hauksbee,  whose  experiments 
were  made  with  a  better  and  improved  apparatus,  discovered, 

.  thai  when  amber  was  rubbed  against  woollen  very  swiftly  in 
vacuo,  the  motion  was  attended  with  so  great  an  h^at,  that 
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come  so  hot,  when  the  carrii^  runs  swif 
along,  as  to  set  the  wood  on  fire;  and  the 
ibre  wheeis  being  of  lesser  diameter,  and 
consequently  making  more  revolutions^  will 
always  be  most  in  danger.  .  The  like  will 
happen  to  the  work  of  a  mill,  or  any  other 
machinery,  if  the  necessary  precautions  aie 
not  taken.  It  is  no  uncommon  practice 
with  the  blacksmiths,  to  use  a  plate  of  iron 

as 

the  amber  appeared  manifestly  to  be  burned  and  cracked,  and 
the  woollen  not  only  discoloured  but  perfectly  scorched. 
See  Hauksbee's  Experiments,  edit.  ii.  p.  26.  Boerhaavc 
was  of  opinion^  that  if  air  is  very  highly  condensed,  fire 
may  arise,  and  be  preserved  by  a  bare  attrition  of  it.  "  Let 
**  no  one  imagine  subterraneous  fire  a  fiction,  a^  if  it  could 
*'  not  there  exist  without  air  or  fuel ;  for  this  fire  may  arise 
•*  and  be  preserved  by  the  bare  attrition  of  condensed  ait, 
**  without  any  other  assistance :  for,  what  heat  will  not  air 
**  produce,  when  rendered  600  times  more  dense  thati  c6m- 
**  mon  air,  as  it  may  be  at  the  bottom  of  the  deepest  mines? 
**  and  creditable  persons  have  affirmed,  that  air,  compressed 
*'  in  an 'iron  tube,  has  grown  hot  in  such  places.  Doubtless, 
**  in  the  deepest  parts  of  the  earth,  bodies  are  pressed  with 
f^  a  prodigious  incumbent  weight,  so  as  that  a  small  attri- 
**  tion  may  produce  a  great  degree  of  heat,  &c.**  Shaw's 
Chemistry,  second  edit.  vol.  i.  p.  405.  That  the  attrition 
of  air  will  produce  heat  is  very  plain  from  an  experiment 
already  mentioned,  and  it  seems  not  improbable  that  the 
motion  of  condensed  air  should  raise  a  greater  heat,  which 
is  a  matter  within  the  reach  of  experimcqt,  and  is  worth  in- 
quiring into. 


CfFlre^  its  Properties  and  Effects.  25 1 

as  an  extemporaneous  tinder-box ;  for  it  may 
be  hammered  on  an  anvil  till  it  becomes  red 
hot,  and  will  fire  a  match  of  brimstone.  A 
strong  man,  who  strikes  quick,  and  keeps 
turning  the  iron  so  that  both  sides  may  be 
equally  exposed  to  the  force  of  the  hammer, 
will  perform  this  in  a  less  time  than  would 
be  expected. 

It  is  not  necessary  that  the  bodies  with 
which  the  attrition  is  made  should  be  veiy 
hard,  as  the  plates  of  glass,  the  flint  and  the  - 
steel,  the  iron  and  the  hammer  :  a  cord  rub- 
bed backwards  and  forwards  swiftly  over  a 
post  or  tree  will  take  fire :  a  stick  of  wood 
pressed  against  another  which  is  turned 
swiftly  about  in  a  lath,  will  soon  make  it 
turn  black,  and  emit  a  smoke:  and  even  the 
palms  of  the  hands,  when  they  are  dry,  and 
are  rubbed  briskly  together,  will  smell  as  if 
they  were  scorched.  The  method  of  ex- 
citing fire  by  rubbing  two  sticks  of  M^ood  to- 
gether was  anciently  practised  by  country 
people,  and  is  still  retained  in  some  parts  of 
tJie  world.  Seneca,  in  his  Natural  Question, 
gives  this  account  of  it :  Jieri  so  let  ignis  duo- 
bus  modis;  uno  si  excitatur^  sicut  ex  lapide 
percusso  :  altero  si  attritu  inveniiur^  sicut  cum 
duo  ligna  inter  se  diutius  trita  sunt.     Non 

omnis 
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omnis  tibi  hoc  materia  prcestnbit,  sed  idonea 
eliciendis  ignibus  ;  sicut  laurus  hederce,  et  alia 
in  hunc  usum  nota  pastoribus*.  V*  Fire  is 
**  obtained  by  two  diflferent  methods:  the 
**  first  is  by  striking  it  out  of  stone;  the 
^^  other,  when  it  is  found  by  attrition,  as 
*/  when  two  pieces  of  wood  are  rubbed  for 
^'  some  time  together.  But  all  wood  is  not 
*^  fit  for  this  purpose,  only  such  as  is  dis- 
*'  posed  to  yield  fire,  as  the  bay  treef,  the 
*'  ivy,  and  others  which  are  known  by  the 
*'  shepherds  to  be  proper  for  this  use." 

Pliny  mentions  the  same  practice,  and 
says,  7iihil  hederd  priestantius,  quae  teratur 
lauro,  laurumque  teratX-  But  it  appears  from 
a  passage  in  Festus  Pompeius,  that  this  was 
effected  not  by  every  simple  attrition,  but 
particularly  by  terebration  §  ;  and  this  agrees 

with 

•  Nat.  Quaest.  lib.  ii.  cap.  22. 

+  1  think  there  is  little  or  no  doubt  that  the  bay-tree  15 
the  laurus  of  the  ancients ;  the  inflammability  of  which  is 
so  particularly  mentioned  by  Lucretius, 

Nee  res  ulla  magis  quam,  Phoebi  Delphica  laurus 
TerribiH  sonitu  flamma  crepitante  crematur. 

J  Lib.  xvi.  cap.  40. 

§  Lib.  ix.  Mos  erat  tabulam  fclicis  materiae  tandiu  tcre- 
brarc,  quousque  exceptum  ignem  cribro  aeneo  Virgo  in  «<J^ 
ferrety 
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with  the  more  modern  account  of  M arcgra- 
vius,  in  his  History  of  Brasii*.  The  fact  is 
so  authenticated,  that  we  cannot  dispute  it, 
and  the  principle  of  raising  fire  by  attrition 
is  agreeable  to  nature ;  all  the  difficulty  lies 
in  understanding  the  dexterity  necessary  to 
perform  it  by  a  manual  operation,  and  in 
choosing  the  sort  of  wood  with  which  it  is 
most  likely  to  succeed.  The  manner  is  ex* 
actly  described  in  Captain  Cooke's  Voyage  f, 
but  the  wood  is  not  ascertained.  The  inha- 
bitants of  New  Holland  are  there  said  to 
'*  produce  fire  with  great  facility,  and  spread 
*Mt  in  a  wonderful  manner.  To  produce  it 
"  they  take  two  pieces  of  dry  soft  wood; 
**  one  is  a  stick  about  eight  or  nine  inches 
"long,  the  other  piece  is  flat.  The  stick 
'*  they  shape  into  an  obtuse  point  at  oni 
'*  end,  and  pressing  it  upon  the  other,  turn 
'^  it  nimbly,  by  holding  it  between  both  their 
**  hands,   as  we  do  a  chocolate  mill,  often 

"shifting 

♦  Frustum  ligni,  aut  potius  radicis  hujus  arboris  (am- 
baibx)  sumunt  exsiccatum ;  in  eo  faciunt  foraminulum ;  huic 
immittunt  bacillum  fastigiatum  ex  duro  aliquo  ligno,  ct 
quasi  terebrando  circumagunt,  pedibus  frustum  illud  immo. 
turn  detinentes,  ac  applicantes  folia  sicca  aiborum,  seu  go^ 
sipiom :  sic  eiiciunt  ignem  prout  libet.  lib.  iii.  Tap.  i  • 

f  See  Hawksworth's  Collection,  vol.  iii.  cap.  8. 
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**  shifting  their  hands  up,  and  then  movini; 
**  them  down  upon  it,  to  increase  the  pres- 
*^  sure  as 'much  as  possible.  By  this  me* 
**  thod  they  get  fire  in  less  than  two  minutes; 
**  and  from  the  smallest  spark  they  increase 
**  it  with  great  speed  and  dexterity."  Thus 
stands  the  fact :  but  the  compiler  has  added 
a  reflexion,  in  which  I  cannot  agree  with 
him:  **  There  are  perhaps  few  things  (says 
**  he)  in  the  history  of  mankind  more  ex* 
**  traordinary  than  the  discovery  and  appli- 
**  cation  of  fire.  It  will  scarcely  be  disputed 
**  that  the  manner  of  producing  it,  whether 
**  by  collision  or  attrition,  was  discovered  by 
**  chance: — these  circumstances  considered, 
**  how  men  became  sufficiently  familiar  with 
*^  it  to  render  it  useful,  seems  to  be  a  pro- 
**blem  very  difficult  to  solve."  This  and 
what  follows  might  have  passed  very  well  as 
the  speculation  of  a  New  Hollander;  and 
we  are  not  surprised  if  it  occurs  in  the  Fasti 
of  Ovid,  an  Heathen  writer : 


•  saxis  pastores  saxa  feribant. 


"  Scintillam  subito  prosiluisse  ferunt. 
*'  Prima  quidem  periit,  stipulis  excepta  secunda  est ; 
**  Hoc  argumentum  flamma  palilis  habet," 

But  that  people  in  a  christian,  civilized,  phi- 
losophical countrj^,  whom  Providence  hath 

blessed 
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blesised  with  a  knowledge  of  thietJuucorigiEa^ 
tioa  of  maiUkind^  and  th^eir  eiarliest  bistoryv 
should  condescend  to  such  poor  conjectures^ 
13,  a  symptom  of  present  infidelity  wA  ^^ 
proaching  barbarism.   The  first  femily  placed 
by  the  Creator  upon,  this  earth  offered  sacri- 
fices;   which  beiiig  an  article  of  rdigi^ua* 
duty,  they  were  certainly  possesaed  of  the^ 
n^eans  of  performing  it,  ainl  cQAseq^uentl^^ 
of  the  knowledge  and  use  of  fire,  without 
which  it  could  not  be  practised     The  ncxfc 
generatioa  presents  us  with  artificers!  m  hfn^sfii 
and  iron,  which  could  not  possibly  be  wrought 
without  the  complete  knowledge  of  fire ;  nei- 
ther indeed  could  any  works  of  art  be  welt 
carried  on.     The  account  of  this  affair  m 
the.  Bible  is  much  more  natural,,  becawfie  it  i« 
more  agreeable  to  the  goodness  of  God^  andl 
the  dignity  of  the  human  species,  than  toi 
suppose,  on  the  principles  of  a  wild  and  sa*^ 
vage  philosophy,  that  men  were  left  ignorant 
of  the  use  of  an  element  intended  for  their 
accommodation  and  support     To  interdict 
a  man  from  the  use  of  fire  and  water,  wa» 
accounted  the   same  in   effect  aj9   to  send 
him  out  of  life ;  so  that  if  men^  upon  the 
origmal  terms  of  their  creation,  were  thmS; 
interdicted  by  the  Creator  himself,  as  the 

heathen 
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heathen  mythologists  supposed  them  to  h€f 
they  were  sent  into  life  upon  such  terms  as 
others  were  sent  out  of  it.  If  we  admit  any 
one  such  gloomy  supposition,  where  shall  we 
stop  ?  If  mankind  were  left  destitute  in  re- 
spectto  the  knowledge  of  fire,  perhaps  they 
were  left  without  language,  without  food, 
without  clothing,  without  reason,  and  in  a 
worse  condition  than  the  beasts,  who  are  bora 
with  the  proper  knowledge  of  life,  but  man 
receives  it  by  education ;  therefore  he  who 
taught  the  beasts  by  instinct,  taught  man  by 
information.  This  digression  having  a  near 
relation  to  our  present  subject,  and  particu- 
larly to  this  part  of  it,  the  reader,  I  hope, 
will  excuse  me  for  going  into  it.  If  the 
knowledge  of  fire  could  ever  possibly  be  lost 
by  any  people  of  the  earth,  degenerating 
into  gross  stupidity  and  barbarism,  it  is  not 
impossible  that  time  and  chance  might  reco- 
ver it,  though  these  are  but  very  indifferent 
principles  to  trust  to.  Gunpowder  was  dis- 
covered, as  we  say,  by  chance ;  but  man- 
kind had  spent  above  five  thousand  years  on 
earth  before  they  fell  upon  it.  Sanchoniatho, 
in  his  Phoenician  History,  relates  a  circum- 
stance of  trees  taking  fire  when  their  bran- 
ches were  rubbed  together  with  the  wind: 

and 
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and  Avkenaa,  the  Arat>iaA  physician,  telte 
us,  that  a  sort  of  cane,  which  the  Indiana 
use  for  their  lances,  has  bben  set  on  Gre^ 
vrhen  the  canes,  while  growing  and  very  dry, 
were  rubbed  hard  one  against  another  with 
the  violence  of  the  wind  *•  In  some  parts 
of  the  giobe  fire  offers  itself  spontaneously 
to  the  use  of  man,  as  at  Baku  in  Persia, 
where  naptha  takes  fire  of  itself  from  the 
ground,  and  is  applied  by  the  iuhabitan|:s  to 
domestic  purposes  f » 

Fire  will  manifest  itself  without  being  ex- 
cited either  by  percussion  or  attrition  :  a 
burning  heat  frequently  arises  from  cold  ma- 
terials in  such  masses  of  matter  as  consist  of 
heterogeneous  principles  combined  together. 
If  a  large  quantity  of  hay  is  laid  together  in 
too  moist  a  s^tate,  it  will  by  degrees  take  fire, 
which  seems  to  happen  for  the  following  ob- 
vious reasons :  it  is  certain  that  the  subtile 
matter  of  fire  is  at  all  times  circulating 
through  the  porous  substance  of  bodies,  and 
expelling  the  moisture  which  is  lodged  with* 
in  them,  in  the  form  of  vapour,  which  is  some- 
times visible,  but  in  many  cases  so  slowly  ex- 
cited as  to  be  invisible,  like  the  insensible 

VOL.  I*.  s  perspi- 

•  Phil.  Trans,  vol.  Ivii.  N^  II.    * 
f  See  Mr.  Hanway's  Travels, 
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perspiration  of  the  animal  frame.  This  va- 
pour being  excited  within  the  recesses  of  the 
mass,  and  being  unable  to  escape  through 
the  pores  of  the  incumbent  matter^  so  fast 
as  it  arises,  it  is  returned  back  upon,  itself, 
and  its  agitation  is  thereby  very  much  in- 
creased, the  natural  consequence  of  which 
is  an  attrition  of  the  parts,  producing  an  in- 
testine heat  At  the  same  time,  a  large 
quantity  of  air  is  generated,  which  adds 
much  to  the  expansive  force;  and  while  these 
causes  are  at  work,  the  whole  matter  is  sink- 
ing with  its  own  weight  into  a  lesser  compass, 
by  means  of  which  the  fire  and  air  being 
strongly  compressed,  are  excited  still  to  far- 
ther degrees  of  commotion,  till  they  break 
out  into  actual  flame,  and  consume  the  sub- 
stance. The  pressure  of  the  air  and  vapour 
from  the  incumbent  weight,  has  a  great  share 
in  this  effect.  When  loose  gunpowder  is 
fired,  it  is  easily  dissipated  with  little  explo- 
sion, and  may  almost  be  said  to  evaporate ;  but 
when  it  is  confined  and  compressed,  the  force 
of  the  explosion  is  vtry  much  increased;  and 
the  case  is  much  the  same  when  the  vapour 
of  boiling  water  is  confined :  from  which  ex- 
amples, it  is  easy  to  imagine  what  a  commo- 
tion will  arise,  tdien  the  steam  of  ferment- 


ing 
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ingf  vegetables  is  strongly  comf>ressed.  What 
happens  to  a  stack  of  hay,  will  also  happen 
to  an  heap  of  cdals,  when  they  are  laid  up 
too  moist  in  a  very  large  quantity,  and  in  a 
close  place.  An  intestine  beat.will  be  raised, 
breaking  out  at  length  into  an  iEictual  fire. 
From  the  great  quantity  of  the  fuel,  so  in- 
tense is  the  heat  when  a  large  stack  of  hay 
is  on  fire,  that  the  substahce  of  the  hay  is 
turned  into  glass.  I  have  some  lumps  of 
this  vitrified  matter,  with  the  stalks  of  hay 
appearing  in  some  parts  of  them  like  the  nee- 
dles of  antimony ;  they  were  found  among 
those  ashes  that  fell  from  the  heart  of  the  fire, 
after  a  conflagration,  in  which  forty  loads 
were  consumed  *. 

We  have  another  way  of  obtaining  fire,  by 
exciting  it  to  activity  in  such  bodies  as  re- 
tain it  long  ih  a  fixt   or  quiescent  state. 
There  are  many  of  these,  and  of  different 
sorts,  some  solid,  some  fluid,  some  natural, 
some  artificial ;  all  of  which  may  be  called 
phosphori,  or  substances  retaining  the  matter 
of  light  within  them,  as  the  sponge  retains 
Water.     Some  phosphori  are  very  conspicu- 
ous,  others  obscure  and  almost  equivocal, 
s  2  of 

,  *  TI16  satiic  effect  is  related  in  the  Dissef tationes  Physical 
^Jf  Paulus  Casatus,  the  Venetian^  Diss.  7^  p*  S12» 
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of  vfaicb  latter  sort  afe  oris,  sulphursy  and 
suck  bodies  as  are  of  a  coimbuistiblc  Hatefe, 
by  abounding  with  phlog^eiii  tbeiQiltter^ 
inflammabiliCy^.     Erom  thes^^  bodies^  Am  ma^ 
be  raised  many  different  ways. . 

Iroti  flings,  and  powdered  sulpbui,  ntioced 
together  in  equal  quantities  to  the  weight  of 
fifty  pounds^  and  Hiade  up  itlto  a  paste  wkh 
water,    will  in  a  few  hours  atr^uire  ft  reiy 
great  heat,  aad  if  the  mixture  is  cotafined 
in  a  close  vessel,  it  will  take  fire  and  explode. 
The  experiment  is  sometimes  mad&  by  cob-^ 
fining  these  ingrediefits  under  ground,  rad 
ramming  the  earth  hacd  over  them,  to  iHus«- 
trate  the  doctrine  of  volcanos  and   earth- 
quakes,  which  may  reasonably  be  supposed 
to  arise  from  subterraneous  magazines  of  sul^ 
phur  and  the  ore  of  iron,  vaised  to*  a  fefmca- 
tation  by  the  accession  of  water,  and  acquir- 
mg  an  immense  force  fiom  the  compresmo 
of  their  heated  vapour  under  an  imcumbnit 
weight  of  earth,  especially  when  the  mate*' 
rials  are  lodged  deep  in  the  bowels  of  the 
earth.     This  is  confirmed  by  the   kind  of 
matter  which  is  cast  out  of  volcanos ;  their 
lava,  or  melted  mineral  matter,  seeming  to 
be  chiefly  composed  of  iron  and  sulphur; 

The  industry  of  the  chemists  led  them  ta 

the 
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tic  discovery  of  an  extraordinary  substance, 
made  of  the  putrid  juices  of  ammals,  de* 
prived  «f  their  volatile  parts,  and  urged  with 
the  most  vehement  heat  of  a  revcrberatory 
furnace.  The  matter  which  then  comes  over 
is  unctuous  and  solid  like  wax,  and  so  strong** 
ly  impregnated  with  the  matter  of  fire,  that 
it  will  burn  away  in  the  air  with  a  penetrat- 
ing urinous  smell ;  but  if  it  is  secured  from 
the  air,  by  being  laid  under  water,  its  fire 
will  there  jccep  cold  for  many  years,  and  be 
as  vigorous  on  loccasion  as  it  was  at  first.  I 
know  not  wliat  to  call  this  but  a  kind  of 
unctuOus  lime,  or  sulphur,  rendered  more 
<>pen  and  active  by  a  smoking  spirit  of  salt. 
The  oil  and  sulphur  of  this  strange  substance 
will  not  permit  the  water  to  have  any  effect 
upon  it,  but  that  of  protecting  it  from  the 
air.  I  have  preserved  a  small  piece  of  this 
phosphorus  in  a  phial  of  water  for  above 
twenty  years ;  it  was  not  more  tlian  an  inch 
Jong  at  fir«t,  nor  thicker  than  the  small  end 
ef  a  tobacco-pipe;  yat  it  has  furnished  me 
with  matter  for  many  experiments,  and  there 
IS  enough  of  it  still  left  for  many  more.  The 
words"  which  are  wxitten  with  it  upon  paper 
will  shine  in  the  daak  like  the  light  of  a  glo w- 
wxurm,  and  last  for  half  an  hour ;  when  they 

fi  3  begin 
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begin  to  fail,  a  blast  of  air  will  excite  them 

jafiresh,  and  if  they  are  presented  near  to  a 

fire,    they  become  exceedingly  vivid,    and 

will  scorch  the  paper.     If  a  small  particle  is 

laid  upon  coarse  paper,  and  rubbed  swiftly 

over  with  the  flat  side  of  the  blade  of  a  knife, 

it  will  instantly  set  fire  tp  the  paper,  and 

^  break  out  into  a  bright  flame ;  than  which 

there  is-no  experiment  better  adapted  to  shew 

the  effect  of  attrition  upon  the  matter  of 

fire*. 

There 

*  More  [larticDlars  concerning  this  body  majr  be  learned 
from  the  chemical  writers.  The  following  account  is  ex- 
tracted from  Macquer^  one  of  the  mo^t  sensible  and  iQg&- 
pious  modern  writers  on  chemistry.  '*  From  the  marine 
f  ^  acid  combined  with  the  phlogiston  results  a  kind  of  sul- 
**  phur,  differing  from  the  conimon  sort  ip  many  respects^ 
5'  but  particularly  in  this  property,  that  it  takes  fire  of  it- 
f '  self,  upon  being  exposed  to  the  open  ^ir.  This  combina- 
5'  tion  is  called  English  phosphorus,  or  phosphorus  of  urine, 
^'  because  it  is  generally  prepared  from  urine.  Thi§  combi- 
*^  nation  of  the  marine  acid,  with  the  phlogiston,  is  note?- 
"  sily  eflfected,  because  it  requires  a  difficult  Operation  in 
f'  peculiar  vessels.  For  these  reasons  it  does  not  alwsyt 
'^  succeed ;  and  phosphorus  is  so  scarce  and  dear,  that  U- 
f^  therto  chemiists  have  not  been  aible  to  make  on  it  thee|- 
"  periments  neqessary  to  discover  all  its  properties, — Pho5- 
5'  phcrus  resembles  sulphur  in  several  of  its  properties  j  it 
5^  is  soluble  in  oils ;  it  mdts  with  a  gentle  Heat ;  at  is  very 
5f  C9ml>ustible ;  it  burns  without  producing  soot,  and  its 
■       .  f  ^  flame 
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There  is  another  kind  of  phosphorus  pre- 
pared from  a  mixture  of  powdered  alum  and 
wheat  flour,  which  are  ustulated  in  an  open 
vessel,  but  not  quite  reduced  to  a  calx,  then 
put  into  phials  close  stopt  and  coated  with 
clay,  and  kept  for  some  time  in  ah  intense 
heat,  but  not  so  long  as  to  burn  away  thp 
sulphur.  If  the  phials  are  opened  when 
quite  cold,  the  matter  will  instantly  take  fire 
with  the  air,  and  burn  away  with  4  ^ulphu-* 
reous  smell. 

It  is  also  possible  to  excite  fire  by  the  mix- 

,ture 

'^  flame  h  vivid  and  blueish.'*  vol.  I.  chap.  iv.  §  3.  The 
same  aathor  has  extracted  from  Mr.  Helldt,  a  Member  of 
the  Academy  of  Sciences  at  Paris,  the  whole  process  for 
making  the  [^osphorus  of  urine,  in  which  there  are  many 
curioos  and  wonderful  circumstances ;  but  the  account  is  too 
large  to  be  given  in  this  place.  The  first  persori  that  hit 
upon  phosphorus  was  Brandt,  a  citizen  of  Hamburgh,  who 
worked  upon  urine  with  the  hope  of  finding  the  philosopher's 
stone.  The  operation  (when  the  material  was  knowii)  was 
also  discovered  by  Kunkel,  and  our  Mr.  Boyle.  M.  Mar- 
graaf  of  the  Academy  of  Sciences  at  Berlin,  discovered  a 
way  of  contracting  the  operation,  so  as  to  produce  the  phos. 
phorus  in  four  hours.  After  many  critical  observations  on 
the  substance,  he  imputes  its  property  in  a  great  measure  to 
a  subtile  vitrifiable  earth  combined  with  the  other  principles. 
See  Macquer's  Elements  of  Chemistry,  part  I.  chap.  iti» 
process  s* 
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turc  of  two  cold  fluids ;  the  one  a  lean,  hun- 
gry, penetrating  acid,  distilled  from  oil  of 
vitriol  (as  it  is  commonly  called)  and  salt- 
petre, the  other  a  rich  and  ponderous  vege- 
table oil  abounding  with  sulphur;  so  that 
the  mixture  «f  these^  two  forms  a  kind  of 
fluid  gunpowder.  The  ingredients  of  gun- 
powder being  solid  and  sluggish  of  them- 
selves^ must  be  put  into  action  by  the  con- 
tact of  fire  already  excited ;  but  these  fluid 
ingredients  are  driven  so  forcibly  into  each 
other,  that  the  bare  mixture  produces  a  col- 
lision sufficient  to  kindle  an  actual  flame, 
which  the  materials  support  till  they  are 
burned  away,  and  nothing  is  left  behind  but 
a  black  crust  or  cinder.  The  two  fluids  most 
proper  for  this  experiment  are  oil  of  sassafras, 
or  oil  of  cloves,  and  the  strong  spirit  of  ni- 
tre above  mentioned.  Sir  Isaac  Newton  de- 
scribes the  extraordinary  effect  of  these  two 
fluids  when  mixed  together  in  a  small  quan- 
tity in  vacuo.  '*  When  a  drachm  of  the 
'*  above-mentioned  compound  spirit  of  nitre' 
**  was  poured  upon  half  a  drachm  of  oil  of 
*^  caraway  seeds  in  vacuo,  the  mixture  imme- 
*'  diately  made  a  flash  like  gunpowder,  and 
*'  burst  the  exhausted  receiver,,  which  was 


Of  Fire,  its  Properties  and  Effects.  265 

**  a  glass  six  inches  wide  and  eight  inched 
**  deep*."  The  accension  is  quicker  and 
more  violent  in  vacuo,  because  the  aerial  and 
fiery  particles  which  explode  together  are 
more  easily  disengaged  from  the  body  of  the 
conflicting  fluids,  when  they  are  not  com- 
pressed and  confined  by  the  incumbent  air. 

'It  was  a  prevailing  opinion  with  the  an- 
cients, that  fire  might  be  fcxcited  by  the 
swift  passage  of  a  projectile  through  the  air ; 
and  the  poets  accordingly  tell  us  that  leaden 
bullets  have  been  melted,  and  arrows  have 
been  set  on  fire  in  their  flight.  It  does  not 
appear  that  any  thing  of  tfiis  kind  is  possi- 
ble in  nature :  that  the  descriptions  of  the 
poets  are  hyperbolical  and  fictitious,  is  cer- 
tain; because  we  do  not  discover  that  bodies 
are  either  liquified  or  inflamed  by  flying  two 
thousand  feet  in  a  second  of  a  minute,  which 
is  a  much  swifter  motion  than  could  be  given 
by  their  engines  to  any  missile  weapon. 
Modern  philosophers  have  indeed  asserted 
that  a  cannon  bullet  acquires  a  considerable 
beat  from  the  mere  attrition  of  the  air  against 
its  surface.  Boerhaave  adopts  this  notion, 
but  Muschenbroek  denies  it,  imputing  all 
the  heat  that  is  found  in  the  ball  after  jits 

flight 

•  Opt.  p.  354. 
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flight  to  the  forcible  flame  of  the  g^inpowdcr 
acting  upon  it  before  it  is  discharged  from 
the  mouth  of  the  piece.  If  this  be  so;  if 
the  ball  derives  all  its  heat  from  the  gunpow- 
der, and  none  from  the  air  through  which  it 
flies,  it  is  somewhat  extraordinary  that  the 
ancients,  whose  projectiles  were  never  pre- 
viously heated  by  gunpowder,  should  have 
been  s6  strongly  possessed  with  this  opinion. 
Boerhaave  affirms,  that  the  time  is  too  short 
to  admit  of  the  communication  of  any  sen^ 
sible  heat  from  the  powder  :  and  I  am  rather 
inclined  to  believe  that  if  the  experiment 
were  to  be  tried,  a  candle  of  tallow,  or  a 
small  part  of  it,  discharged  from  a  musket, 
would  be  secured  by  the  interposed  wadding 
from  the  effect  of  the  flame ;  whereas  the 
candle  ought  to  be  melted  by  an  heat  suffi- 
cient to  make  an  impression  upon  iron  or 
lead.  When  a  ballet  hath  struck  an  object, 
and  is  flattened  by  the  blow,  it  is  certainly 
very  hot :  but  in  this  case  the  internal  parts 
are  rubbed  swiftly  and  with  great  force  over 
one  another,  on  which  circumstance  the  con- 
ception of  heat  and  fire  seems  chiefly  to  de- 
pend. But  when  a  ball  flies  through  the  air, 
the  internal  parts  preserve  the  same  situation, 
and  remain  at  rest ;  so  that  the  action  of  a 

fluid 
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luid  against  the  surface,  and  that  only 
against  the  lesser  half  of  it,  does  not  seem 
capable  of  producing  any  great  effect ;  and 
therefore,  upon  the  whole,  we  cannot  judge 
it  probable  that  actual  fire  should  ever  have 
been  excited  upon  this  principle. 

,0f  the  Manner  in  which  Fire  is  supported. 

Pure  elementary  fire  is  dissipated  asjFast  as 
it  is  collected,  unless  it  has  some  matter  to 
reside  in,  which  we  call  fuel.  The  fire"  at 
the  focus  of  a  burning-glass,  how  intense 
soever  it  may  be,  vanishes  instantly  when 
the  glass  is  removed.  In  order  to  detain  and 
support  it  so  as  to  establish  a  permanent 
source  or  circulation  of  fire  in  the  same 
place,  it  is  necessary,  first,  that  the  fire  re- 
side in  soifie  solid  or  fluid  matter ;  secondly, 
that  the  air  be  freely  admitted  to  it. 

No  fuel  is  apt  to  conceive  or  retain  fir^ 
unless  it  is  impregnated  with  oil  or  sulphur; 
which  two  are  very  nearly  allied  ,in  power, 
though  very  different  in  outward  appear- 
ance; sulphur  being. a  brittle  solid  oil,  and 
oil  a  fluid  sort  of  sulphur.  Each  of  these- de- 
rive their  activity  from  the  fire  that  is  com- 
•  bined 


^2t58  Of  Fire,  itt  Properties  MndEftcU; 

bined  la  a  quiescent  state  with  tbeir  other 
principles;  and  which  in  the  act  of  huraiiig 
is  set  at  liberty,  when  the  parts  of  the  burn* 
ing  body  are  decomposed.     Pitch,   resin^ 
camphor,  are  oils  of  difierent  degrees  of  pu- 
rity in  a  solid  form,  and  ail  capable  of  send- 
ing up  a  dense  unctuous  smoke  when  they 
are  set  on  fire.     Wood  and  sea-coai  arc  no 
otherwise  inflammable,  than  as  they  ccnitain 
tn  oily  or  unctuous  principle.    Whea  this  is 
burned  away,  a  body  may  be  ignited,  or 
made  red-hot,  by  the  forcible  action  of  fire, 
but  it  can  no  longer  be  inflamed.     When  it 
is  said  that  fire  escapes  in  the  decompositioa 
of  bodies  during  the  act  of  burning;  it  is 
incredible,  and  therefore  should  not  be  iroa- 
gined,  that  the  whole  quantity  of  fire  diffused 
through  the  air  from  a  burning  body  is  all 
derived  from  its  own  store.     No  eftect  caa 
be  greater  than  its  cause,  neither  can:  any 
thing  in  nature  give,  but  so  far  only  as  it 
receives.    It  is  plain  there  is  such  a  thing  i» 
the  world  as  perennial  inconsumable  fuel; 
but  such  a  phsenomenon  is  impossible,  in  the 
nature  of  things,  unless  we  suppose  a  circa- 
lation ;  so  that  the  source  which  emits  fire 
may  receive  something  equivalent  at  the 

same 
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same  time,  and  with  thi^  eondition  it  is  easy 
tc  understand  that  the  action  of  burning 
i&ay  be  perpetuated. 

When  fine  begins  to  act  upon  fuel,  it  drives 
out  the  water,  the  volatile  salts,  and  the  oils,, 
contained  within  it,  in  the  form  of  smoke : 
and  the  smoke,  when  sufficiently  unctuous^ 
takes  fire  and  turns  into  flame,  which  boviers 
aver  a  burning  body  so  long  as  the  unctuous 
vapour  rises  up  to  suppoit  it.  That  flame  is 
nothing  but  smoke  on  fire,  may  be  shewn  by 
a  very  simple  experiment.  When  a  candle 
13  extinguished  by  a  blast  of  the  breath,  a 
dense  smoke  rises  up  from  the  wick,  which 
will  catch  fire,  if  the  fiame  of  another  candle 
be  held  over  it  at  some  little  distance.  When 
the  column  of  the  ascending  smoke  touches 
the  flame,  it  is  rekindled,  and  a  flame  is  pro- 
pagated down  the  col  unvn,  which  soon  $eats 
itself  upon  the  extinguished  candle.  Hence 
it  follows  that  none  but  volatile  materials  can 
be  inflammable ;  and  that  the  most  volsUite 
will  consequently  be  the  most  inflammable ; 
which  is  the  case  with  turpentine,  camphor,^ 
and  naptha,  and  the  vapour  of  spiritotis  li- 
quors. Bocrhaave,  in  his  Chemistry*,  de- 
scribes two  instruments  which  shew  the  in- 
flammability 
•  Vol.  I.  p.  309* 
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flammability  of  smpke  in  a  more  elaborate 
and  elegant  manner,  by  driving  the  smbke 
which  arises  from  the  fuel  back  again  through 
the  body  of  the  fire :  but  as  the  kindled 
smoke  of  an  extinguished  candle  shews  the 
same  thing  in  a  manner  not  less  satisfactory, 
I  forbear  to  describe  them  particularly.  * 

Distilled  spirits  are  inflammable,  like  oil ; 
wliich  is  the  less  to  be  wondered  at,  because 
they  are  strongly  impregnated  with  fire  when 
they  are  raised^fi-om  their  subjects;  a:nd  this 
latent  file  betrays  itself  in  their  taste :  nay, 
the  matters  themselves  from  which  they  are 
raised  must  first  have  underofone  some  al- 
teration  from  the  action  of  fire  in  fermenta- 
tion ;  otherwise  they  will  not  yield  any  spirit. 

The  more  oil  there  is  in  any  wood,  the  fit- 
ter it  is  for  fuel :  whence  the  wood  of  fir  or 
deal,  which  is  impregnated  with  turpentine, 
is  extremely  inflammable,  and  burns  with  a 
white  vivid  flame.      So  likewise  the   ever- 
greens, which  abound  with  a  ponderous  oil, 
will  flame  much ;  and  the  watery  humidity 
intermixt  with  their  oil,  is  soon  rarefied,  and' 
explodes  much  as  it  burns ;  the  burning  oil 
soon  communicating  to  it  an  heat  superior  to 
that  of  boiling  water,  so  that  it  is  violently 
disengaged  from  the  oil  and  dissipated  in  the 
4  form 
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form  of  steam.     When  wood  is  decayed  and 
rotten,  it  is  destitute  in  a  great  measure .  of 
its  oily  principle,  and  is  therefore  no  longer 
inflammable,  but  will  grow  red  hot  and  fall 
away  into  ashes.    This  is  the  case  with  what 
we  call  touchwood;  which,  on  account  of 
its  dryness  and  porosity,  is  very  susceptible 
of  fire,  but  burns  slowly  away  without  emit- 
ing  any  flame.     Charcoal   is  a  quick  and 
strong  fuel,  because  the  moisture  is  all  ex- 
pelled, and  the  substance  is  left  verypoVous, 
and  consequently  accessible  to  the  fire.    The 
volatile  oily  parts  being  also  excited  within 
the  wood  by  the  heat,  and  hindered  from 
flying  off^  by  an  incumbent  mass   of  dust, 
sand,  and  ashes,  aie  spread  over  the  earthy 
J)arts,  and  exposed  naked  to  the  immediate 
action  of  the  fire.    All  the  sap  being  expelled 
from  this  fuel,  its  smoke  is  much  more  sub- 
tile and  penetrating  than  that  of  common 
wood.     Its  pernicious  effect  upon  the  lungs 
hath  appeared  in  so  many  unhappy  instances, 
and  is  now  so  generally  known,  that  it  is 
scarcely  necessary  to  add  a  caution  against 
it  Here  it  is  worth  observing,  that  all  white 
bodies  resist  the  effect  of  light  by  reflecting 
it  away  from  them  ;  but  when  the  same  bo- 
dies are  made  black,   they  absorb  the  rays, 

and 
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tnd  are  much  sooner  heated.  It  is  tHe  same 
with  respect  to  the  act  of  ignition ;  and 
therefore  it  is  the  nature  of  fire  to  turn  bo- 
dies black  before  it  inflames  them.  The 
sudden  kindling  of  gunpowder  by  a  spark  of 
fire  is  owing  to  the  blackness  of  the  charcoal 
dust,  which  is  always  mixed  up  with  the 
other  ingredients  for  this  purpose.  The 
blackness  arises  from  the  oil  of  the  wood, 
which  being  thrown  to  the  surface,  is  there 
scorched  by  heat,  and  made  susceptible  of 
fire  from  every  spark  that  touches  it 

Several  other  particulars  concerning  the 
nature  of  fuel  will  occur  to  us,  if  we  nov 
attend  to  the  second  condition  requisite  to 
the  establishing  a  permanent  source  of  fire; 
which  is  a  free  admission  of  the  elcn^nt  of 
air.  To  show  how  absolutely  necessary  this 
is  to  the  support  of  fire  in  any  kind  of*  fuel, 
we  need  only  take  a  bright  burning  coal  of 
wood  or  charcoal,  and  plunge  it  suddenly 
into  a  vessel  of  the  most  highly  rectified  ^i- 
rit  of  wine,  than  which  no  liquor  in  the 
world  is  more  inflammable,  except  the  spi* 
ritus  letherius  vinosusy  known  to  the  chemist 
by  the  name  of  cether.  The  coal  thus  sud- 
denly immersed  will  neither  give  fire  to  the 
spirit,  nor  retain  the  fire  it  brought  with  it, 

but-^ 
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but  is  quenched  as  effectually  as  if  it  had 
been  plunged  in  water.     If  another  coal  be 
^Uken,  and  only  dipped  in  the  sp?rit,  so  that 
^Jpart  of  it  remains  above  the  surface,   the 
spirit  will  then  catch  fire:  but  still  the  flame 
will  confine  itself  to  the  surface,  acting  only 
on  those  parts  of  the  fluid  which  are  imme- 
diately contiguous  to  the  air.     When  fire  is 
excited  in  any  solid  earthy  matter,  as  in  a 
live  coal  of  wood,  or  in  a  mass  of  heated  iron, 
it  is  capable  of  a  red,  or  even  of  a  white  and 
glowing  splendor ;  but  does  not  assume  the 
shining  appearance  of  flame,  unless  the  in- 
flammable parts  of  the  fuel  are  raised  aloft 
and  difl^used  in  the  form  of  vapour,  so  that 
the  air  has  free  access  on  every  side,  and  can 
penetrate  into  the  body  of  it.     It  is  for  this 
reason  that  all  inflammable  matter  is  s6  dan- 
gerous, when  it  subsists  in  the  form  of  a  thin 
invisible  vapour ;    for  it    is    unexpectedly 
kindled  by  the  contact  of  fire,  and  its  tex- 
ture is  so  loose  that  the  air  penetrates  it  and 
propagates  a  flame"  throughout  the  whole  ex- 
t;ent  pf  it  in  a  moment.     The  sulphureous 
steams  with  which  the  air  is  apt  to  be  charged 
in  .mines,  are  frequently  fired  by  a  candle, 
-and  explode  with  very  dreadful  effects.    But 
there  is  this  singular  difference  between  the 
VOL.  IX.  T  cbm- 
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combustible  matter  of  gunpowder,  arid  tht 
inflammable  fire-damps  in  subterrancoils  ca- 
verns, that  ttie  former  will  not  be  fired  by 
flame  tut  slowly  and  with  difficulty ;  the  lat- 
ter will  riot  be  fired  by  a  spark :  and  there-  . 
fore  in  such  works  as  are  subject  to  the  dan- 
ger of  fire-damps,  they  work  by  the  light  bf 
a  riiachirie  which  yields  spafks  of  fire  by  at- 
trition.    Each  of  these' combustible  matters 
is  kindled  by  that  which  is  most  congenial 
to  itself:  black  and  solid  fuel  takes  fire  frotn 
a  spark;  but  such  fuel  as  is(  fluid  is  most 
easily  kindled  by  flame;  and  we  may  reckon 
all  vapours  among  the  cl^ss  of  fluids. 

A  common  extinguisher  placed  over  the 
flame  of  a  candle,  which  is  a  very  simple  ei- 
periment,  wilt  shew  how  necessary  the  air  is 
toward  the  support  of  fire  in  any  fuel:  for 
though  the  flame  in  this  case  is  pdrtly  suffo- 
cated by  the  retention  of  its  own  smoke 
within  the  cavity  of  the  extinguisher,  yet 
doubtless  the  effect  is  principally  owing  to 
the  exclusion  of  the  air;  to  confirm  whicb, 
we  must  place  the  candle -under  the  receiver 
of  an  air  pump,  and  if  the  vessel  is  not  too  * 
latge,  the  flame  will  disappear  with  the  first 
stroke  of  the  machine.  When  gunpowder 
itself,  which  in  a  manner  carries  its  own  ait 
2  along 
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along  with  it,  is  exposed  to  the  focus  of  a 
burning  glass  in  vacuo,  the  sulphur  of  the 
composition  will  melt  and  smoke  faintly,  but 
will  not  explode.  On  the  other  hand,  it  is 
universally  known  how  fire  is  quickened  and 
increased  by  a  blast  of  air :  on  which  ac- 
count it  is  an  established  law  of  nature,  that 
as  soon  as  fire  begins  to  spread  itself,  a  stream 
•  of  air  rushes  in  from  all  sides  to  support  it ; 
and  the  larger  the  fire,  the  sharper  is  the  in- 
.  draught  of  air.  In  what  manner  air  acts  up- 
.  on  fire,  so  as  to  supply  it  continually  with 
fresh  life  and  vigour,  is  a  question  of  great 
importance,  and  of  some  difficulty.  At  pre- 
sent I  insist  only  on  the  fact,  that  air  is  ne- 
ce3sary  to  the  continuance  of  fire,  and  that 
the  action  of  fire  in  general  is  the  joint  action 
of  fire  and  air  together.  Between  these  two 
a  double  motion  is  maintained,  of  fire  out- 
wards, and  of  air  inwards.  That  the  matter 
of  the  fire  goes  outwards  into  the  air,  is  evi- 
dent from  the  shadow  which  any  opa^que  bo■^ 
dy  casts  behind  it,  by  intercepting  this  mat- 
ter .  in  its  course :  and  the  same  is  clear 
enough  from  the  heat  propagated  through 
the  air,  and  which  at  a  considerable  dista^nce 
from  the  fire  itself^  will  act  as  fire,  and  m- 
flame  bodies  when  it  is  reflecte4  from  a  con- 
T  S  cave 
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cave  speculum'.  The  continual  cuiFcnt  of 
air  is  manifest  to  sense  in  the  contrary  di- 
rection. A  silk  handkerchief,  or  any  other 
light  body,  held  near  a  fire,  will  be  carried 
into  it ;  and  the  rushing  of  the  air  through 
all  the  joints  and  apertures  of  thedoors  aiid 
windows  of  a  room,  heated  by  a  fire,  may  be 
heard  and  felt  very  sensibly. 

It  is  chiefly  owing  to  the  concurrence  of 
the  air,  that  the  matter  of  fuel  is  wasted  and 
Consumed  to  an  heap  of  ashes.     Hie  con- 
sumption is  very  slow,  and  the  fire  will  lite  a 
great  while,  if  embers  are  raked  together, 
and  protected  from  the  forcible  impressioii 
of  tlie  air,  by  being  covered  up  with  their 
own  ashes :   this  is  a  common  way  of  pre- 
serving fire,  to  be  excited  occasionally  for 
domestic  uses.     Charcoal  inclosed  in  a  box 
of  iron,  may  be  ignited  for  many  hours  in  a 
strong  fire,  and  when  it  is  taken  out  will  be 
found  to  have  suffered  little  or  no  change. 
But  if  the  same  is  set  on  fire,  aiid  the  air  ad- 
mitted to  it,  its  surfkce  is  very  soon  covered 
with  a  coat  of  a^hes;  and  as  this  faJlsr  away 
another  arises,   till  the  whole   subrtance  is 
wasted,  arid  nothing  remains  but  a  white 
powder,  which  is  a  iftixture  of  incombustible 
earth  arid  fixed  salt.     When  a  diamond!^ 

laid 
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laid  in  a  ixaked  fire,  the  polish  is  taken  away 
from,  the  surface;  but  when  it  is  secured 
from  the  air,  the  fire  makes  no  alteration  in 
it.  • 

There  is  a  curious  and  elegant  experiment 
to  illustrate  the  vehement  action  of  a  ljJ,ast 
of  air  upon  fire  and  the  parts  of  fu^l.  Some 
metals  melt  more  easily  than  others  j  but  iron 
is  a  metal  which  cannot  be  fused  without  the 
utmost  violence  of  fire.  Notwithstanding 
all  this  difficulty,  let  a  bar  of  iron  be  laid  in 
a  smith's  forge,  till  it  has  got  what  thev  call 
the  white  heat:  when  it  is  as  bright  and 
sparkling  as  it  can  be  made,  let  it  he  taken 
put  of  the  fire,  and  let  a  bla^t  of  air  from  a 
comiuon  pair  of  bellows  be  blown  strongly 
itgainst  the  heated  extremity  of  the  iron ; 
which,  instead  of  being  cooled  by  the  blast, 
will  become  more  white  and  shining  than  be- 
fore, till  by  degrees  it  rolls  about  in  a  liquid 
,form,  sending  out  brilliarjt  sparks  in  all  di- 
rections, and  falling  in  frequent  drops  to  the 
'grouni  A  very  considerable  part  of  the  rod 
may  thus  be  liquefied  and  blown  away  before 
the  bellows  will  lose  their  eff^ect  If  a  can- 
non bullet  is  heated  in  the  like  manner,  and 
a  large  pair  of  forge-bellows  are  applied,  it 
affords  a  glorious  spectacle,  which  can  be 
T  3         '  conceived 
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conceived  only  by  those  who  have  seen  it. 
The  eyes  are  dazzled  with  the  sight,  as  when 
we  look  upon  the  sun  ;  which,  indeed,  it  re- 
sembles more  nearly  than  any  other  object 
experiments  can  exhibit  to  us. 

*rhis  experiment  was  shewn  several  years 
ajgo  by  the  ingenious  Mr.  Henry  Horne,  a 
master  in  the  steel  manufacture,  to  Martin 
Folkes,  Esq.  when  he  was  President  of  the 
Royal  Society,  and  to  some  other  members 
with  him.  It  is  pity  soine  notice  was  not 
^aken  of  it  in  the  philosophical  collection  of 
that  learned  body.  The  smiths,  whose  bu- 
sinei^s  lies  ^t  a  forge,  are  so  well  acquainted 
with  this  effect  of  a  blast  of  air  against  ig^ 
ijiited  iron,  that  they  cautiously  avoid  ex- 
posing the  metal  too  near  to  the  nose  of  their 
bellows.  A  fire-man  who  is  but  green  in  his 
profession,  is  very  apt  to  be  catched  with 
this  accident  from  his  bellows,  by  which  he 
utterly  spoils  the  stuff  he  works  upon  by 
giving  it  what  they  caH  the  zvind-rot. 

We  proceed  now  to  investigate  the  prin- 
ciples on  which  fire  is  thus  supported  and 
invigorated  by  the  concurrence  of  the  air. 

Some  learned  men  have  supposed,  that  as 
the  air  is  impregnated  with  nitrous  exhala- 
tions,  \ihich  are  of  a  combustible  nature, 

'  they 
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thjey  supply  the  fire  with  a  refined  sort  of 
ftiel :  and  that  fresh  air  is  continually  neces- 
3ary,  because  that  air  which  hais  been  in  con*- 
tact  with  the  fire  is  thereby  deprived  of  its 
nitrous  principle,  and  sq  rendered  effete  and 
unfit  for  the  purpose.  But  this  solution  doe$ 
not  correspond  with  the  effect.  Nitre,  when 
it  is  burned,  yields  a  factitious  vapour,  which 
has  the  appearance  qf  air.  When  a  piece  of 
brown  paper,  dipped  in  a  solution  of  nitre 
?.nd  then  dried,  is  made  to  burn  in  a  close 
vessel,  it  seems  to  increase  the  quantity  of 
air.  Therefore,  if  air  feeds  the  flame  of  a 
candje  bepause  it  is  impregnated  with  nitre, 
a  candle  burning  ui^der  a  close  vessel  should 
rather  increase  the  quantity  of  the  air;  but 
it  is  found  %o  lessen  it,  3^  we  shall  see  herer 
after, 

There' al'e  in  fact  three  difflprent  principles 
pn  which  fire  is  supported  by  air,  all  conspir- 
ing to  the  same  end.  First,  the  air,  by  it3 
pressure,  keeps  the  fire  together  ia  a  body,, 
^nd  prevents  its  dii^sipation.  By  this  effect 
of  the  air,  the  fire  is  concentrated,  and  its^ 
splendour  is  ivtxy  much  increased.  Wheu 
the  electric  spark  explodes  in  air,  it  115  ejc- 
tremely  bright  and  vivid  like  lightning ;  but 
if  the  sam?  is  tried  in  the  exl^austed  receiver, 
t4  instead 
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instead  of  the  spark  and  explosion,  we  Have 
a  silent  stream  of  fire,  much  niorc  faint  and 
dilute.  The  lire  with  which  boiling  witeir  is 
impregnated,  escapes  very  easily  in  vacao  ; 
arid  the  water,  in  these  circumstances,  cools 
much  faster,  even  in  a  warm  room,  thain  if 
it  had  been  exposed  out  of  doors  in  a  frosty 
dif,  which  demonstrates,  that  fire  is  confined 
within  the  body  of  the  water,  by  the  super- 
ficial weight  and  pressure  of  the  air.  The 
outline  fey  which  the  flame  of  a  candle  is  so 
well  defined,  is  owing  to  sotee  pressure  which 
dels  equally  oti  every  side ;  and  this  pressure 
can  be  no  other  than  that  of  the  air,  whicB 
may  be  discovered  by  carryitig  the  candle 
forward;  in  which  case,  the  side  of  the  flame 
that  meets  the  air  will  be  bright  ^ild  well  de- 
fined, while  the  side  that  follows  will  be  rag-^ 
g^d  and  more  dilute. 

The  sight  is  so  familiar,  that  we  pay  little 
regard  to  it ;  yet  it  is  a  matter  of  astonish*' 
Inent  to  reflect  upon,  that  a  fluid,  so  weak 
as  fire  might  be  supposed  to  be,  on  account 
of  tile  infinite  subtilty  of  its  parts,  should 
be  expanded  itself,  and  ex:pand  the  air  with 
all  that  force  which  experiment  demonstrates. 
The  medium  near  a  fire  is  certainly  niuch 
jbor^  refined  than  at  s6me  distanxfe;  and  it 
5  .  will 
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will  be  a  very  moderate  ^ppos^tion  if  we 
imagine  the  flame  of  a  candte  t6  be  twice  as 
rare  at  its  superficies,  as  the  coiAmon  air  of 
the  atmosphere ;  whence  it  follows,  that  the 
atmosphere  will  there  press  upoiiit  with  half 
its  force,  that  is,  with  a  weight  equal  to  sevetr 
pounds  on  every  square  inch.-  If  there  id  a 
sphere  of  such  flame,  whose  diameter  is  oile 
foot,  the  air  will  c6mpress  its  su'fface  with  a 
force  equal  to  three  thousahd  dne  hundred 
stid  sixty-four  pounds  ;  yet  the  fire  maintains 
its  dimensions  with  ease  against  a  compress- 
ing power,  which  seems  more  than  suffitiettt 
to  drive  it  all  back  intp  its  central  pomt. 
This  computation  is  a  gross  one,  because  it 
supposes  a  limit  which  does  not  really  exist : 
it  supppses  that  the  air  on  the  surfate  hath 
its  whole  density,  while  the  air  of  the  flame 
hath  but  half  its  density  ;  howfev^,  the  com- 
putation is  the  best  the  nature  of  the  case 
will  admit  of. 

Secondly,  air,  by  its  friction^  increases  the 
agitation  of  fire,  and  thereby  raises  the  heat 
of  it.  If  its  friction  against  the  hall  of  a 
thermometer  is  sufficient  to  stir  up  the  in- 
cluded fire,  and  'raise  the  thermometer,  it 
must  havie  a  tnuch  greater  effect  of  the  same 
kind  when  the  fird  is  naked  and  open,  ati^ 

the 


3$3  Of  Fire,  its  Properties  and  Effects^ 

the  air  can  penetrate  its  very  substance, 
When  these  two  elements  meet,  the  conflict 
tnust  needs  be  very  gi'cat  The  air  is  natUf 
rally  impelled  in  a  direption  toward  the  cen-^ 
tre  of  the  fir^,  and  being  there  expanded,  a 
considerable  part  of  it  is  driven  upwards  by 
'  the  pressure  of  that  which  succeeds ;  ancj 
during  all  this,  th^  qi^antity  of  the  fire  conv 
tinually  increases  with  an  (expensive  motion 
putwards ;  so  that  bptween  these  •  tvo  pouf 
trary  motions,  the  agitation  of  the  part$  of 
fire,  by  the  friction  of  thp  air,  must  be  very 
great, 

But  thirdly,  experiment  shews  us,  that  the 
imcients  were  right  in  the  opinion  they  uni-? 
verbally  maintained,  that  air  supports  fire  as 
^pabulum;  that  is,  that  it  actually,  parts 
with  some  of  its  substance  to  supply  fresh 
matter,  increase  the  fire  by  being  itself  attcr 
jiuated  and  refined  into  the  condition  of  fire, 
However  violent  the  action  of  air  upon  fire 
may  be,  it  i^  certain  that  fire  must  re-act 
•equally  upon  air,  by  the  common  laws  of  thp 
Kewtonjaii  philosopliy.  Let  us  suppose  th^ 
rays  of  light  to  diverge  after  their  manner 
from  a  burning  point ;  if  they  move  in  right 
Jines,  they  form  an  infinite  number  of  angles 
which  meet  in  the  point  from  \yhence  they 

proceed^ 
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proceed.  When  the  air  enters  and  mixes 
with  these  diverging  rays,  the  nearer  it  apv 
proaches  to  the  centre,  the  more  it  compresy 
ses  the  fire,  and  is  consequently  compressed 
by  it.  In  this  conflict  the  fire  is  increased, 
arid  the  air  is  diminished.  The  former  of 
these  is  so  well  known,  that  it  is  superfluous 
to  prove  it;  the  latter  will  Ije  evident  from 
experiments. 

**  I  set  a  lighted  tallow  candle"  (says  the 
ingenious  Dr.  Hales)  *'  about  :^  of  an  inch 
'*  diameter,  under  the  inverted  receiver  ;8;atftf 
**  (plate  I.  fig.  3)  and  with  a  syphon  I  im^ 
^*  mediately  drew  the  water  up  to  z^.  Then 
^*  drawing  out  the  syphon;  the  water  would 
'*  descend  for  a  quarter  of  a  minute,  and 
^*  after  that  ascend,  nott^ithstanding  the 
*^  candle  continued  burning,  and  heating 
**  the  air  for  near  three  minutes.  It  was  obr 
*^  servable,  in  this  experiment,  that  the  sur- 
*^  face  of  the  water  zz  did  not  ascend  with 
^*  an  equal  progression,  but  would  be  some- 
^^  times  stationary  ;  and  it  would  sometimes 
^*  move  with  a  slow,  and  sometimes  with  an 
^*  accelerated  motion;  but  the  denser  the 
*<  fumes,  the  faster  it  ascended.  \As  soon. 
**  as  the  candle  was  out,  I'marked  the  height 
f^  of  the  water  above  zz^  \vhich  difference 


f<  was 
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^  was  equal  to  the  quantity  of  air,  whose 

*  elasticity  was  destroyed  by  the  bumii!^ 
^  candle.    As  the  air  cooled  and  condensed 

*  in  the  receiver,  the  water  would  continue 
'  rising  above  that  mark,  not  only  till  all 

*  was  cool,  but  for  twenty  or  thirty  houns 
^  after  that;  which  height  is  kept,   though 

*  it  stood  many  days ;  which  shews  that  the 

*  air  did  not  recover  the  elasticity  which  it 

*  had  lost.     The  event  was  the  same  when, 

*  for  greater  accuracy,  I  repeated  this  ex- 

*  periment  by  lighting  the  candle  under  the 

*  receiver  with  a  burning  glass.     The  ca- 

*  pacity  of  the  vessel  above  zz^  in  which 
'  the  candle  burned  in  my  experiment  was 

*  equal  to  2024  cubic  inches  ;  and  theela^ 
^  ticity  of  the  ^«^  part  of  this  air  was  de- 

*  stroyed  *."  The  like  experiment  had  bee^ 
made  before,  and  is  mentioned  by  other  au- 
thors, to  one  of  whom  Dr.  Hales  has  re- 
ferred us. 

I  have  made  many  experiments  of  this 
kind  myself  with  glass  vessels  of  different 
capacities,  which  sometimes  had  a  mercurial 
gage  adapted  to  them,  and  sometinies  a  water 
gage  -to  shew  the  progress  more  minutely.  I 
usually  proceeded,  as  Dr.  Hales  did,  in  the 

former 
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former  of  his  methods,  by  placing  the  vessel 
as  expeditiously  as  possible  over  the  matters 
already  kindled.  I  found  that  a  red-hot  iron 
would  have  the  same  effect  with  a  flaming 
candle,  first  depressing  the  gage,  then  raising 
it,  in  the  whole  about  an  inch  and  a  half,  so 
as  to  alter  the  density  of  the  included  air 
about  ^  part ;  for,  the  elasticity  of  air  being 
'  as  its  density,  we  are  to  conclude,  that  if  its 
elasticity  is  changed,  its  density  is  changed 
in  the  same  degree.  In  this  experiment  it 
is  to  be  noted,  that  the  heated  iron  was  of 
much  larger  dimensions  ^than  the  flame  of 
Dr.  Hales's  candle.  With  flaming  spirit  of 
wine  the  density  has  been  lessened  more  than 
one  half;  with  flaming  spirit  of  turpentine, 
which  sends  up  a  dense  black  smoke,  not 
quite  so  much.  A  piece  of  live  charcoal 
raised  the  mercurial  gage  seven  inches,  re- 
ducing the  density  of  the  medium  nearly  one 
quarter,  when  a  burning  candle  would  raise 
it  no  more  than  three  inches ;  but  this  dif- 
ference proceeded  from  the  long  continuance 
of  the  fire  in  the  charcoal,  which  yielding 
little  or  no  smoke,  is  not  so  soon  suffocated 
with  the  return  of  its  own  vapours*.     After 

many 

*  I  made  tbete  experimeoti  twenty  years  ago.    The  ex. 
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inany  trials  I  could  not  find  that  there  is  aiiy 
effect  in  sulphur  superior  to  other  fuel,  but 
rather  inferior,  particularly  to  charcoal,  and 
recti!:ed  spirit  of  wine;  and  upon  the  whole, 
it  appeai^ed,  that  the  larger  and  quicker  the 
fire,  (in  equal  spaces,)  let  the  fuel  be  what  it 
will,  the  greater  is  the  consumption  of  air; 
so  that  though  different  sorts  of  fuel  may 
occasion  some  critical  differences,  the  ge- 
neral effect  is  from  the  fire,  and  not  from 
the  fuel. 

And  now  the  question  is,  how  we  arc  to 
determine  upon  this  effect  ?  An  experiment 
in  Nature,  like  a  text  in  the  Bible,  is  capa- 
ble of  different  interpretations,  according  to 
the  preconceptions  of  the  interpreter.  The 
advocates  for  a  nitrous  vivifying  spirit  ill  the 
air,  different  from  the  air  itself,  suppose  this 
spirit  to  be  the  proper  pabulum  of  fire,  and 
that  air  will  no  longer  feed  fire  when  this  is 
extracted :  but  what  this  can  have  to  do 
with  the  elasticity  does  not  appear,  because 
it  ought  to  be  rather  more  than  less  after  the 
deflagration  of  nitre ;  so  that  if  this  spirit 
is  admitted,  though  it  seems  a  creature  of 

the 

periment  on  charcoal  haft  lately  been  repeated  in  a  better 
manner  by  another  hand  ;  with  a  glass  inverted  into  a  pool 
of  mercury. 
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the  imagination,  it  will  not  lessen  the  diffi- 
culty. 

The  next  solufioii  is  that  of  Dr.   Haleu, 
who  supposes  the  elasticity  of  the  air  to  be 
destroyed,  and  that  the  fumes  or  vapours  of 
burning  matter  absorb  it ;  in  which  we  seem, 
to  have  two  solutions  instead  of  one,  and 
these  not  very  consistent  with  each  other. 
For  if  any  of  the  air  is  absorbed,  then  there 
is  a  loss  of  substance  in  the  air ;  and  if  the 
density  of  what  remains  is  less,  no  wonder 
if  the  elasticity  is  less  also,  because  it  is  al- 
ways as  the  density.     To  say  that  the  elasti- 
city is  destroyed,  is  to  suppose  that  the  elas- 
ticity is  different,  while  the  density  is  the 
same.     That  smoke  and  vapours  may  have 
some  subtile  effect  in  chatnging  the  texture 
or  condition  of  the  air  is  very  possible,  but 
they  are  by  no  means  adequate  to  the  phae- 
nomenon,  which  does  not  follow  the  fumes, 
but  the  fire.     The  clearest  matter  will  have 
the  same  effect  as  the  most  fuliginous  ;  and 
the  fire  of  sulphur,  which  emits  the  sharpest 
of  all  fumes,  and  such  as  have  been  supposed 
to  affect  the  elasticity  of  the  air  in  a  peculiar 
■  manner,  acts  only  as  common  fire,  with  no 
extraordinary  effect  from  its  vapour. 

We  must  therefore  look  for  some  other 

third 
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third  solution^  and  I  can  see  none  but  this; 
that  as  the  increase  of  fire  is  the  diminution 
of  air,  what  was  the  one  becomes  th^  other. 
And  why  not?  Philosophers  have  never  been 
backward  in  admitting  transmutations,  even 
beyond  the  limits  of  nature.  Sir, Isaac 
Newton  was  of  opinion,  that  water  turns 
into  earth,  and  that  acids,  by  acting  on  the 
parts  of  solid  bodies,  turn  them  into  air*: 
but  if  there  is  any  real  transmutation  in  na- 
ture, we  must  find  it  between  the  elements 
of  fire  and  air,  which  are  undoubtedly  ho- 
mogeneous, and,  when  they  operate  together, 
surprize  us  with  many  new  and  unexpected 
appearances.  This  solution  could  not  possi- 
bly occur  to  that  very  worthy  and  ingenious 
experimentalist,  Dr.  Hales,  nor  could  have 
been  admitted  if  it  had  occurred,  so  strongly 
was  he  attached  to  the  qualities  of  attraction 
and  repulsion,  by  which  he  accounted  for 
every  thing;  and  he  likewise  supposed  fire 
to  be  no  element,  but  an  affection  of  bodies. 
Some  little  time  before  his  death  he  became 
acquainted  with  some  experiments  and  rea- 
sonings which  represent  nature  in  a  different 
light,  and  was  so  ingenuous  as  to  confess  to 
a  learned  nobleman,  from  whom  I  bad  my 

information, 

*  See  Hales's  Veg.  Stat,  p.  291. 
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infbrination,  that  **  he  found  it  would  be 
**  very  hard  to  staiid  against  the  doctrine  of 
*^  a  plenum. 

But  to  proceed  with  our  sul^ect :  the  can- 
dle in  Dr.  Hales's  experiment,  the  flame  of 
which  might  occupy,  at  the  moijt,  about  half 
a  cubic  inch,  consumed  78  cubic  inches  of 
kit  in  less  than  three  minutes,  which  is  at 
tihe  rate  of  3744  cubic  inclies  in  a  day,  or 
791  cubic  feet  in  a  year.  If  fires  act  ac- 
cording to  their  cubic  dimensions,  which  is 
the  nearest  rule  we  can  follow,  then  a  fire  of 
a  cubic  foot  will  consume  3456  times  as  much 
its  the  (Candle,  that  is,  2,733,696  cubic  ftet 
m  a  year.  In  London  it  is  computed  ther* 
arc  170,000  dwelling-houses,  and  allowing 
only  two  such  fires  in  an  hoiise,  which  is  a 
Very  low  reckoning,  taking  all  fires  one  with 
another,  and  making  no  account  of  their 
tmnfierous  candles,  the  sum  of  cubic  feet 
tdnsumed  by  the  fires  of  siicSi  a  populous 
city  as  London  in  one  year  amounts  to  about 
^30  thousand  millions  of  cubic  feet :  and  if 
aSl  pther  circumstances  in  different  parts  of 
the  world,  relating  to  this  consumption  of 
air,  "were  taken  into  the  accoUgjJ^  I' suppose 
\iic  quantity  we  usually  allow  to  the  earth's 
atmosphere,  would  be  found  to  be  Consumed 
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in  a  much  shorter  time  than  would  be  ima- 
gined ;  and  t3hat  the  air  consumed  in  a  course 
of  years,  if  it  were  all  collected  together, 
would  fill  a  sphere  as  big  as  the  globe  of  the 
earth  itself.  Every  intelligent  reader  will 
easily  judge  how  hard  it  must  be  to  collect 
the  materials  for  such  an  unwieldy  calcula- 
tion as  this  is,  with  any  tolerable  accuracy; 
and  therefore  we  must  be  content  with  a 
gross  reckoning.  The  fact,  however,  will 
suggest  some  very  obvious  reflexions  :  first, 
that  the  daily  consumption  of  air  in  a  popu- 
lous city  must  occasion  an  indraught  of  air 
from  all  the  adjacent  parts,  so  as  to  form 
sensible  currents  of  wind,  which  will  be 
much  increased  by  the  perpendicular  ascent 
of  the  rarefied  and  lighter  air,  which  will  be 
constantly  going  off  in  upper  currents,  of  a 
contrary  direction  to  the  lower  air.  All  this 
may  probably  contribute  more  to  keep  such 
a  place  healthy,  provided  the  passages  are 
open  enough  to  receive  the  benefit  of  the 
cirpulation,  than  all  the  noxious  fumes  that 
are  raised  there  can  do  to  infect  the  atmo^ 
sphere,  and  render  it  unwholesome. 

It  will  occur,  secondly,  that  nature  must 
have  a  stated  mode  of  repairing  this  prodi- 
gious consumptioa ;  and  whatever  other  ways 

there 
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there  may  be,  we  must  suppose  this  to  be 
one ;  that  as  fire  consumes  air,  so  air  in  its 
turn  is  recruited  by  a  change  of  condition  or 
coalescence  in  the  parts  of  fire,  and  that 
there  is  a  constant  circulation  in  the  world 
on  this  principle,  so  that  the  store  can  never 
be  exhausted.  It  is  well  known  that  air  is 
continually  rising  from  the  subterraneous 
regions  in  all  parts  of  the  world,  as  if  the 
earth  were  a  reservoir  of  air,  as  well  as  of 
water  and  minerals.  All  waters  that  come 
from  the  earth  bring  it  with  them,  some  more 
than  others;  and  it  is  not  improbable  but 
that  the  waters  of  the  sea,  in  circulating  from 
vast  depths,  and  being  afterwards  brought 
contiguous  to  the  atmosphere,  may  part  with 
it  in  great  quantities.  What  effect  the  ex- 
treme dense  air  at  great  depths  in  the  earth 
may  have  in  arresting,  compressipg,  and  as- 
similating the  matter  of  fire  as  it  circulates 
through  all  the  parts  of  the  earth's  body,  it 
may  be  hard  to  prove  ;  but  it  is  natural  to 
conceive,  that  as  fire  attenuates  air,  so  air, 
under  certain  circumstances,  may  condense 
and  assimilate  the  matter  of  fire.  In  short, 
if  air  and  fire,  like  the  serous  and  globular 
parts  of  the  blood  in  the  animal  body,  arfe 
convertible,   by  what  subtile  means  soever 

u  2  it 
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it  may  be  brbught  about,  ihany  things  very 
Unaccountable  at  present  Vill  be  more  intel- 
ligible ;  therefore  it  is  to  be  hoped,  the  rela- 
tion between  fire*  and  air,  which,  like  thfe 
blood  in  the  body,  are  the  life  of  natuit, 
will  be  more  attended  to,  and  better  undfe^ 
stood.  In  regard  to  this  subject,  it  is  afafet 
wiell  worth  considering,  that  when  cateareous 
and  other  substances  yield  such  vast  quaiiti^ 
ties  of  permanent  elementary  air  in  distilla- 
tion, they  are  all  opened  by  the  matter  of 
fire,  which  is  undoubtedly  combined  with 
them  in  their  elastic  state :  and  if  the  firt 
that  was  attached  to  them  evapoirates  wcA 
leaveis  them,  they  collapse,  and  losi  tlifeir 
elasticity.  Without  the  co-operatioA  iiid 
association  of  this  subtile  element  oh  istich 
occasions,  the  apparent  generation  of  ex- 
panded vapour  would  be  a  liiystcry  and  to 
impossibility. 

It  has  always  been  known,  that  thferfe  is  i 
striking  relation  between  the  flame  of  k  dMi- 
dle,  and  the  principle  of  life  in  th'^  ijmfiflai 
body.  Physicians  have  argued  ft*  What 
some  of  them  call  k  ^e^fioy  b/i^'^^  an  ifAuit^ 
heat ;  others  Xhtflammulti  cordi's^  6x  a  Ivh 
lychnus  (a  candle  of  life)  in  the  l^l6od.  fetir- 
tlioline  says,  the  animal  &*€  is  kept  iip5ii1i<5 
3  h^ 


heart  by  a  reciprocal  ventilation  froni  thq 
lungs,  as  a  cominon  flame  is  excited  by  th^ 
fir  from  a  pair  of  bellows ;  and  th^t  whei^ 
this  ventilation  from  the  lungs  ceases,  life 
goes  out  as  naturally  as  a  fire  without  air. 
Jhe  parallel  is  curious,  and  has  a  foundation 
in  nature.  It  is  very  certain,  that  flame 
and  animal  life  are  both  of  them  supported 
by  air;  that  the  same  mephitic  or  stagnant 
air  which  puts  out  a  candle,  extinguishes 
animal  life  ;  that  the  air,  which  is  too  much 
rarefied  to  keep  a  candle  burning,  is  insuffi- 
cient for  respiratibn ;  and,  lastly,  which  i$ 
the  most  to  our  present  purpose,  that  the 
j^limal  fire,  like  the  flame  of  a  candle,  re- 
acts in  like  manner  upon  the  air  that  supports 
it,  by  lessening  the  quantity,  and  that  we 
always  breathe  out  less  air  than  we  draw  in. 
An  animal  inclosed  within  a  glass  vessel  will 
live  for  a  considerable  time,  but  is  found  all 
the  while  to  consume  the  air  by  its  respirq^r 
tion,  and  expire  nearly  at  the  same  state  of 
the  .medium  in  which  a  light  would  be  ex- 
tinguished :  hence  it  appears,  that  a  part  of 
the  air  in  the  act  of  breathing  is^  attached 
tp  the  blood,  and  probably  assimilated  by 
the  gradual  effects  of  the  internal  heat  and 
vital  motions.  The  remainder  >vhich  is  emit? 
u  3  €d, 


294  Of  Fire,  its  Properties  dttd  Effects. 

ed,  is  impregnated  with  an  excrementitious 
vapour,  which  is  as  noxious  when  it  returns 
upon  the  lungs,  as  the  smoke  when  it  returns 
upon  a  flame.  The  ancients  had  an  opinion, 
that  part  of  the  air  drawn  in  by  the  lungs, 
actually  passes  into  the  arteries,  which  may 
be  looked  upon  as  a  continuation  of  the  tra- 
chea ;  and  the  arteries  are  supposed  to  take 
their  name  from  the  air  or  spirit  which  they 
contain  along  with  the  arterial  blood. 

All  observations  in  philosophy  should  be 
applied  as  much  as  possible  to  the  benefit  of 
man,  the  only  philosophical,  as  well  as  the 
only  religious  animal.  From  the  consump- 
tion of  one  part  of  the  air  in  respiration,  and 
the  corruption  of  the  remainder  by  the  ex- 
crementitious perspirable  matter  of  the  blood 
and  humours,  we  should  be  cautious  how  we 
accustom  ourselves  to  a  small  close  room, 
that  we  may  have  a  free  and  fresh  air  to 
breathe  in.  The  luxury  and  effeminacy  of 
this  age  is  studious  to  stop  up  every  crack, 
and  exclude  as  much  as  may  be  every  breath 
of  air,  weakly  consulting  present  indulgence, 
to  the  neglect  of  future  ease  and  comfort. 
Children  and  young  persons  are  more  sus- 
ceptible of  the  ill  effect  of  a  close  air,  and 
shew  it  by  turning  sick,  and  complaining  of 

the 
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the  headach :  and  they  who  by  practice  feel 
less  present  inconvenience,  are  slowly  losing 
their  complexions,  (to  be  repaired  afterwards 
by  painting, )  and  destroying  their  constitu- 
tions, which  are  never  more  invigorated  than 
by  the  coldness  and  purity  of  the  morning 
air.  It  is  a  common  observation,  and  a  very 
true  one,  that  the  body  is  strongest,  and  the 
spirits  most  active,  in  sharp  frosty  weather, 
when  fires  burn  the  brightest :  therefore  wise 
people  will  be  forward  to  expose  themselves 
to  the  freshness  of  a  cool  air,  that  they  may 
have  the  use  and  enjoyment  of  their  facul- 
ties ;  while  in  others,  the  powers  of  life  are 
fading  away  with  the  debilitating  sleep  of 
the  morning  hours,  and  the  sickly  warmth 
of  a  close  apartment. 


u  4  Experi' 
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JE^vperiments  preparatory  to  the  constructing 
of  a  new  and  more  ei  tensive  Scale  pf  ipe 
Degrees  of  Heat  and  Cold. 

THE  absolute  degree  of  heat  in  burning 
fuel,  or  a  red-hot  iron,  was  what  I  had  long 
desired  to  find,  as  being  necessary  to  the  iia* 
tural  history  of  fire ;  b»'t  I  despaired  of  ob^ 
taining  it  with  suliicient  accuracy,  .till  ia 
making  some  triaU  with  the  pyrometrical 
machine,  described  in  the  former  partpf  thw 
discourse,  it  occurred  to  me,  that  the  instru» 
meni  might  be  applied  with  advantage  as  » 
thr^rmometer  of  large  extent,  if  I  could  bufc 
reduce  the  value  of  its  motion  to  the  ordir 
nary  scale  of  Fahrenheit 

For  this  purpose,  the  bar  A,  (see  plate  II, 
fig.  1.)  included  in  the  brass  essay-box  or 
tube,  was  heated  together  with  a  mercurial 
thermometer  by  the  application  of  boiling 
water ;  and  when  it  appeared  by  the  index 
that  the  bar  had  acquired  as  much  heat  as 
the  water  would  communicate,  the  h€;at  of 
the  water  M^as  at  the  same  time  marked  by 
the  thermometer.  And  thus  it  was  disco-^ 
vered  what  number  of  degrees  in  the  gra-i 

dua1;e4 
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duated  arch  HI  answered  to  a  certain  numt 
ber  of  degrees  in  Fahrenheit's  scale.  Th? 
motion  of  the  index  could  not  be  equable  in 
all  parts  of  the  arch ;  yet  its  irregularities 
were  proved,  and  the  proper  reductions  made 
by  the  micrometer,  or  graduated  plate  and 
mcrew  expressed  in  the  figure  at  P. 

The  next  step  was  to  find  some  of  the 
higher  degrees  of  heat  by  the  expansion  of 
my  bars  of  brass  and  iron.  Two  substantial 
iron  heaters,  (fig.  4.)  made  red-hot,  were 
applied  in  their  turns  to  the  bar  under  exar 
mination  :  and  thus  the  degrees  of  heat,  at 
which  the  several  colours  appear  on  the  po- 
lished surfaces  of  brass  and  iron,  were  readily 
obtained.  The  great  difference  between  the 
expandibility  of  these  two  metals  was  very 
manifest  on  this  occasion ;  the  brass,  by  the 
mean  of  several  trials,  being  as  66,  and  the 
iron  only  as  35.  But  this  method  would  not 
caiTy  me  near  so  far  as  I  wanted  to  proceed 
in  the  prosecution  of  this  inquiry;  for,  when 
the  bar  of  iron,  whose  expansion  was  by 
much  the  lesser,  had  a  moderate  red  heat,  a 
greater  extent  was  required  than  my  instru- 
ment would  admit  of.  After  some  reflexion 
iaa^nother  method  of  finding  the  degrees  of  heat 
^ccufred  to  me,  which  was  very  simple,  and 

proved 
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proved  sufficient  in  practice  for  all  the  pur- 
poses I  had  in  view. 

Dense  fluids  acquire  heat  sooner  than  rare 
ones.  Water  heats  mercury  more  and  quicker 
than  mercury  heats  water.  It  is  evident  to 
sight  how  soon  heat  is  communicated  to  a 
dense  fluid,  when  a  thermometer  filled  with 
spirits  and  another  filled  with  mercury  are 
placed  in  the  same  vessel  of  hot  water.  The 
spirits  move  very  sluggishly,  but  the  mer- 
cury in  a  very  little  time  acquires  its  greatest 
expansion.  This  is  still  more  evident  when 
an  heated  iron  is  plunged  into  an  open  vessel 
of  mercury;  for  if  the  iron  is  suddenly  agi- 
•  tated  under  the  surface  of  the  mercury,  all 
the  heat  it  is  capable  of  receiving  is  commu- 
nicated to  it  almost  instantaneously.  This 
appeared  to  me  long  ago  in  the  experiments 
described  at  p.  274  of  my  Essay  on  the  first 
Principles  of  Natural  Philosophy. 

The  method  T  am  now  about  to  describe  is 
founded  on  the  following  principle:  that  the 
heats  communicated  to  a  given  quantity  of 
mercury  by  an  immersion  of  the  same  iron 
differently  heated,  will  be  to  each  other  as 
the  original  heats  in  the  iron  itself;  and 
thus,  when  the  communicated  heats  are 
known,  the  original  heats  may  be  found  by 

them : 
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them ;  which  is  the  solution  of  our  present 
problem.     For  th6  application  of  this  prin- 
ciple we  must  have  some  given  proportion 
to  work  with :  and  we  obtain  it  by  taking 
any  quantity  of  mercury  convenient  for  the 
purpose,  and  plunging  into  it  a  piece  of  iron 
with  a  known  degree  of  heat,   to  observe 
what  heat  it  communicates  to  the  mercury. 
Let  us  suppose  the  quantity  of  mercury  to  be 
2  pounds,  in  an  iron  vessel;  the  heated  iron, 
a  cylinder  weighing  274  grains :  this  cylinder 
having  the  heat  of  boiling  water,  which  i$ 
212  degrees,  plunged  into  mercury  having  a 
temperature  of  52  degrees,  will  contmunicatc 
to  it  10  degrees  of  heat,  which  is  tV  of  the 
excess  it  had  acquired.     We  say  then,  that 
let  the  excess  of  heat  in  the  iron  be  what  it 
will,  the  heat  communicated  to  the  mercury 
will  always  be  t^  of  that  excess :  so  that  if 
we  put  t  for  the  natural  temperature  of  the 
mercury,  h  for  the  heat  communicated,  and  x 
for  the  heat  required,  it  will  be  ^  X  \6hizx. 
If,   instead  6f  boiling  water,   linseed  oil  is 
used,  which  takes  a  much  greater  heat,  and 
a  mercurial  thermometer  be  applied  with  an 
unsealed  tube,  the  proportion  for  the  com- 
municated heat  may  be -found  still  more  ex- 
actly. 

Tliis 
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Tbi3  method  was  so  ea^y  i^  practice,  tbat 
it  seemed  preferable  to  every  other:  and  it 
Itdded  to  my  satisfaction  that  I  fouad  the 
other  method  by  the  heated  iron  bar  of  the 
machine  agree  well  with  this,  so  far  as  it  ex- 
tended. The  colours  of  iron,  and  some  of 
the  nicer  experiments  on  metals  in  fusion, 
were  made  by  laying  a  rectangular  piece  of 
polished  iron,  of  an  equal  thickness  through- 
out, on  the  circular  heater,  which  is  repre- 
sented upon  its  stand  of  brass  in  fig.  3.  In 
all  these  experiments  it  is  taken  for  granted, 
that  the  heated  iron  parts  with  all  its  excess 
of  heat  to  the  mercury;  and  that  the  distri- 
Jbutioii  is  so  nearly  instantaneous,  that  it 
may  be  taken  for  such  without  any  material 
error.  Some  little  time  will  inevitably  be 
lost ;  and,  therefore,  the  heats  taken  by  this 
method  of  mercurial  immersion,  especially 
the  greater  heats  near  the  extremity  of  the 
sc^le,  which  evaporate  with  rapidity  the  mo- 
ment they  are  exposed  to  the  air,  will  always 
be  rather  under  than  over-rated. 

In  coristructing  a  scale  of  heat  from  these 
experiments,  I  adjust  the  value  of  my  degrees 
to  Fahrenheit's  scale,  in  which  0  expresses 
the  cold  of  Iceland,  32  the  freezing  point, 
212   the   ordinary  point  of  boiling  water. 

There 
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Itherc  is  this  inconvenience  in  it,  that  when 
we  get  below  the  cold  of  Iceland  the  scale  is 
negative :  but  this  is  no  great  matter ;  the 
articles  in  that  part  of  the  scale  are  as  yet 
but  very  few ;  and  therefore  it  is  better  to 
let  it  go  so,  than  make  confusion  by  intro- 
ducing a  new  reckoning.  The  experiments 
mad€  by  the  philosophers  at  Petersburgh  for 
discovering  the  cold  of  freezing  mercury, 
were  either  so  ambiguous  in  themselves,  or 
are  so  loosely  described  by  them  in  the  Phi- 
losophical Transactions,  that  I  could  wish  we 
had  a  more  authentic  foundation  to  proceed 
upon.  Till  this  can  be  obtained,  we  must 
fcontcnt  OiKselves  with  the  present. 

THE  SCALE. 
V^  Negative. 

!•  Mercury  freezes 350 

j^.  ^irit  of  wine  freezes 5t 

S.  Snow  with  strong  spirit  of  nitre  once  mixed 25 

%m  Snow  with  common  sea-salt »  6 

5.  Cold  of  Iceland 0 

Affirmative. 

6.  Port  wine  freezes 15 

7-  Very  hard  frost  in  England i6 

«.  Strong  beer  freezes 23 

'  §•  Water  begins  to  freeze 32 

\0.  Temperate  air> ^ 56 

1 1 .  Sinmo&r  air 76 

12.  Alcoool  boils  in  vacuo 77 

13.  Hottest 
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N^  Affifmadte. 

13.  Hottest  air  of  England 86 

14.  Water  boils  in  vacuo gs 

15.  Heat  of  human  blood gC 

16.  Heat  of  Bengal 10* 

1 7.  Heat  of  the  Siroco  wind,  at  Palermo  in  Sicily   . ,   i  if 

1 8.  Greatest  heat  of  a  bath  which  the  hand  can  well  bear  1 14 

1 9.  Bees-wax  melts 146 

20.  Alcohol  boils 176 

Sl«  Onepoundof  water  (of  5 2  degrees)  to  half  a  pound 

of  fresh  chalk  lime 18f 

t2.  One  ounce  of  water  (of  54  degrees)  to  half  an 

ounce  of  oil  of  vitriol 170 

23.  Water  boils  under  the  mean  state  of  the  atmosphere  212 

24.  Spirit  of  nitre  boils 242 

25.  Polished  brass  takes  a  gold  colour 340 

26.  Brass  takes  a  copper  colour 41S 

27.  Foil  of  tin  and  bismuth  melts 450 

28.  Tin  melts 49O 

29.  Brass  takes  a  blue  colour   500 

so.  Oil  of  vitriol  boils 546 

8 1 .  Polished  iron  takes  a  straw  colour , . ,  605 

32.  Lead  melts 61O 

33.  Linseed-oil  boils * 62O 

34.  Iron  polished  takes  a  purple   . . , 660 

35.  Iron  polished  tnkes  a  fail  blue '.  . ,  7OO 

S6.  Mercury  boils    7OO 

37.  Colours  of  iron  are  burned  off 800 

88.  Greatest  heat  of  lead  in  fusion   820 

39.  Iron  just  red-hot  in  the  dark    lOOO 

40.  Iron  just  red-hot  by  day-light   11 20 

41.  Iron  with  a  glowing  red  by  day-light  ....'....  16OO 

♦  This,  or  perhaps,  1650  is  the  ordinary  heat  of 

live  coals  without  blowing. 

42.  Iro« 
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K**  Afifirmativc, 

42.  Iron  with  an  heat  almost  white 2080 

43.  Iron  with  the  white  sparkling  heat  of  the  smith's 

forge 27S0 

44.  Iron  in  fusion  is  3000  and  upwards. 

To  this  scale  I  must  subjoin  a  few  remarks 
on  some  particular   articles.     The   experi- 
ments on  the  freezing  of  mercury  at  Peters- 
burgh  were  made  with  thermometers  gradu- 
ated after  the  manner  of  De  Lisle;  in  whose 
scale,  which  proceeds  by  descent  from  heat 
to  cold,  the  point  of  boiling  water  is  marked 
0,  and  the  freezing  point  for  water  is  150  de- 
grees below  it.     The  same  interval  is  ex- 
pressed in  Fahrenheit's  scale  by  212 -—32  zz 
180:  whence  the  nuniber  of  degrees  in  any 
interval,  taken  on  Fahrenheit's  scale,  are  to 
the  degrees  of  the  same  interval  on  the  scale 
of  De  Lisle,  as  180  to  150,  or  18  to  15,  or  6 
to  5.     The  Russian  professor  observed  the 
mercury  to  be  frozen  at  470  of  De  Lisle: 
therefore,  as  5  to  6  so  is  470  to  564,  which  is 
the  number  of  degrees  in  Fahrenheit ;  from 
which  if  we  take  his  whole  scale  of  212  de- 
grees, we  shall  have  the  freezing  point  for 
mercury  at  352  below  0.     I  have  set  down 
350  as  a  rounder  number,  and  more  agree- 
able to  some  parts  of  the  account.     When 

this 
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this  experiment  was  made,  the  natural  cold 
at  Petersburgh  was  at  £05  of  De  Lisle,  that 
is  at  34  below  0  of  Fahrenheit**  Spirit  of 
nitre  repeatedly  mixed  with  snow,  by  trans* 
ferring  the  coldness  of  one  mixture  as  a  step 
to  begin  with  in  the  next,  under  this  very 
cold  state  of  the  atmosphere,  was  found  to 
produce  more  than  300  degrees  of  artificial 
cold.  I  have  set  down  the  effect  of  spirit  of 
nitre  once  mixed  with  snow ;  from  which 
trial  I  had  no  encouragement  to  expect  any 
success  like  that  at  Petersburgh,  and  there- 
fore I  did  not  trouble  myself  to  proceeA 
The  natural  cold  of  the  air  was  then  at  the 
freezing  point.  What  might  have  been  done 
in  the  frost  of  this  last  winter,  1 77^,  when 
the  thermometer  was  found  as  low  as  0,  I 
cannot  say. 

In  the  experiments  on  boiling  water  in 
vacuo,  the  heater,  fig.  3.  was  employed,  and 
a  light  vessel  of  tin,  including  a  thermo- 
meter, was  placed  upon  it.  The  ebulKtioii 
began  to  appear  at  90  degrees ;  and  as  the 
boiling  increased,  the  thermometer  rose  to 
105,  where  it  stood  when  the  agitation  of  the 

watet 

•  Muschenbroek,  in  his  philosophy,  sets  down — sgO* 
of  Fahrenheit  as  the  freezing  point  for  inercury,  but  I  can- 
not see  on  what  authority. 
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water  \ras  most  violent.  During  tlirs  cir-^ 
ciimstance  the  air  was  admitted  J  with  which, 
the  heat  was  raised  almost  instantly  15  de- 
grees higher.  At  another  trial,  some  water, 
already  heated  to  130  degrees,  was  placed! 
on  the  heater,  and  this  being  covered  with 
a  receiver,  the  air  was  exhaifsted,  with  which 
the  water  boiled  vehemently,  but  during  the 
act  of  boiling,  the  heat  subsided  to  100,  and 
at  another  trial  to  94 ;  but  on  the  admission 
of  the  air,  the  heat  presently  rose  again  to 
130,  and  upwards. 

It  is  manifest,  from  these  experiments,  as 
from  many  others,  how  greatly  the  a,ctiou  of 
fire  depends  on  the  re-action  or  pressure  of 
the  incumbent  air.  When  the  air  is  with- 
drawn, the  fire,  naturally  ascending,  flows 
through  the  liquor  in  the  vessel,  as  air  would 
through  3.  tube  open  at  both  ends.  But  if 
the  farther  end  of  such  a  tube  were  closed, 
and  the  current  of  air  supposed  to  continue, 
it  must  be  condensed  or  accumulated  within 
the  cavity  of  the  tube.  Hence  it  may  be 
collected,  that  the  sun  would  heat  the  earth 
but  very  inconsiderably,  if  it  were  not  for 
the  incumbent  pressure  of  the  air  on  its  sur- 
face ;  that,  therefore,  it  must  be  impossible 
to  calculate  what  the  heat  will  be  in  bodies 
*    VOL.  IX.  X  placed 
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placed  at  different  distancca  from  the  sot^r 
fire,  unless  we  could  also  tell  how  far  air 
acts  upon  them  at  the  same  time. 

Some  parts  of  the  foregoing  scale  may  be 
examined  by  comparing  the  articles  with  one 
another.      The  heat  of  lead  beginning  to 
melt  is  placed  at  610.     This  was  found  by 
placing  a  mercurial  thermometer  of  a  parti- 
cular kind  in  linseed  oil,  and  suspending  a 
thin  plate  of  lead  in  the  oil  till  it  began  to 
drop  away  in  fusion.     The  greatest  heat  of 
melted  lead  is  at  820,  in  which  interval  all 
the  different  colours  assumed  by  polished 
iron  are  nearly  comprehended;    whence  it 
will  follow,  that  a  piece  of  polished  iron, 
dipped  into  melted  lead,  may  be  tinged  with 
every  colour,  as  the  lead  is  kept  in  a  greater 
or  a  lesser  heat.     If  the  heat  be  raised  a» 
high  as  it  can  be,  and  the  iron  but  half  im- 
mersed, the  part  under  the  surface  will  be 
dull  and  black,  while  the  other  parts  conti- 
guous to  the  surface  will  receive  the  differ- 
ent colours  in  their  proper  order.    If  the  heat 
of  lead  is  required  for  casting  figures,  &c. 
it  may  be  adjusted  to  a  sufficient  exactness 
in  this  cheap  and  easy  way,  only  by  observ- 
ing the  colour  of  a  polished  iron  dipped  into 
it.    This  example  may  suggest  others,  which 
3  will 
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will  be  of;  use  to  mechanics,  whose  success, . 
on  so  many  occasions,  depends  on  the  appli- 
cation of  a  proper  degree  of  heat  to  the  mat- 
ter they  are  working  upon. 

By  the  method  above  described  of  mercu- 
rial immersion,  the  boiling  heat  of  mercury 
itself  came  out  703,  and'  the  immersed  iron 
Jiad  a  strong  blue,  which  did  not  bum  off 
by.  remaining  for  some  time  in  the  mercury 
during  its  greatest  ebullition ;  so  it  may  be 
concluded,  that  it  never  far  exceeded  the 
heat  of  700.  Hence  it  appears,  that  a  mer- 
curial thermometer,  if  the  orifice,  of  the  tube 
is  left  open  to  the  air,  may  be  made  to  shew 
700  degrees  of  heat :  by  a  thermometei:  of 
this  sort  I  was  able  to  correct  some  parts  of 
the  scale ;  and  perhaps  it  might  be  applied 
with  advantage  to  some  others.  In  the  high- 
er heats  it  will  be  very  well  if  the  experi- 
ments agree  within  20  or  30  degrees. 

In  Vol.  V.  part  1.  of  the  Philosophical 
Transactions  abridged,  there  is  a  scale  of 
heat  with  no  name  to  it ;  but  the  same  is 
published  in  Mr.  Cotes's  Pneumatical  Lec- 
tures (p.  213)  as  the  scale  of  Sir  Isaac  New- 
ton. In  the  lower  articles  it  agrees  very 
well  with  the  scale  obtained  by  other  me- 
thods i  but  when  we  go  higher  in  the  scale, 

X  2  the 
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the  diiFerence  is  considerable.  If  the  reader 
desires  to  compare  the  Articles  of  that  scale 
with  what  is  here  offered,  he  may  reduce  a»y 
of  them  to  our  present  form,  by  multiplying 
the  parts  of  the  first  column  into  5,3dd,  and 
adding  32  to  the  product,  which  will  give 
the  corresponding  degrees  of  Fahrenheit  very 
nearly.  Some  of  the  numbers  are  as  follow: 
human  heat  95;  blood  lieat  106|;  boiling 
water  210;  melted  wax  158;  melting  tin  ^OS; 
melting  lead  540;  live  coals  1,034;  greatest 
heat  of  live  coals  without  blowing  1,128. 
These  lieats  were  collected,  some  of  them 
from  a  thermometer  of  linseed  oil,  and  others 
from  the  gradual  cooling  of  a  red-hot  iron 
in  equal  intervals  of  time.  The  principle  on 
which  that  celebrated  philosopher  proceeded 
is  very  ingenious,  and  may  be  very  true  in 
theory ;  but,  perhaps,  in  practice  it  is  too 
precarious  to  be  relied  upon ;  which  will  fre- 
quently be  the  case  when  we  trust  to  the  bare 
evidence  of  calculation,  without  some  such 
6F0SS  examination  as  lesser  philosophers  arc 
very  willing  to  take  advantage  of. 

In  the  experiment  by  which  the  white 
sparkling  heat  of  iron  was  found,  it  was  very 
remarkable,  that  when  the  iron  had  been 
plunged  with  so  great  an  heat  into  the  cold 

mercury, 


Heat  and  Cold.  ffOg 

mercury,  it  contracted  a  thin  but  hard  and 
durable  coat  of  filver.  Iron  being  the  only 
metal  to  which  mercury  will  not  adhere,  i% 
has  been  the  custom  to  suppose  some  repul- 
sion or  natural  antipathy  between  their  parts  j 
but  these  appearances  are  all  over-ruled  by 
the  different  degrees  of  heat  and  cold.  In 
the  hands  of  some  practical  chemist  or  me- 
chanic, this  fact  of  the  consolidation  of 
quicksilver  might  possibly  lead  to  some  new 
and  useful  application  of  that  wonderful 
fluid.  The  method  of  consolidating  it  seems 
to  depend  upon  communicating  to  it  the 
highest  possible  heat,  and  at  the  same  time 
preventing  its  evaporation. 

The  heat  of  iron  in  fusion  is  set  down  by 
conjecture,  because  its  heat  was  not  disco- 
verable by  the  method  of  immersion  ;  though 
I  think  it  might  be  found  in  this  way  by  re- 
trocession, that  is,  by  first  observing  the  beat 
communicated  by  some  melted  iron,  and  th^n 
working  afterwards  for  the  proportion  of  the 
heat  conmiunicated  by  the  same  mass  whe© 
solid,  or  by  another  of  the  same  weight. 
iThere  would  be  some  difficulty  in  this ;  but 
I  should  be  glad  to  see  the  result  of  it,  be- 
cause it  is  very  probable  I  have  much  under- 
rated this  article,  if  we  consider  the  rapidity 

X  3  with 
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with  which  the  degrees  of  fire  increa^se  from 
the  iron  that  is  just  red-hot  by  day-light,  up 
to  thfe  white  sparkling  heat  of  the  forge. 

If  the  heat  of  fire  increases  in  a  certain 
proportion  according  to  the  quantity  of  the 
fuel,  as  it  is  very  reasonable  to  suppose,  per- 
haps the  scale  might  be  extended  by  some 
observations  on  the  fire  of  a  glass-house  fur- 
nace ;  and  this  might  lead  us  on  to  some 
better  conception  of  the  transcendent  heat 
of  such  an  immense  mass  as  the  body  of  the 
sun.  That  fire  does  actually  so  increase,  is 
pretty  ^evident  from  the  vitrifying  power  of 
ia  burning  hay-stack,  which  could  proceed 
only  from  the  quantity  of  the  fire.  It  was 
observed  by  M.  Bufibn,  that  when  a  large 
superficies  was  heated  by  his  reflecting  mir- 
rors, the  firing  was  much  quicker  than  when 
only  ^  small  portion  was  heated,  though  the 
rays  fell  with  equal  force  upon  any  given  part 
of  the  surface"*. 

The  fire  of  a  large  furnace  for  plate-glass 
is  literally  as  white  as  snow :  when  a'  pot  of 
their  metal  happens  to  break  in  the  fire,  the 
men,  in  order  to  save  what  they  can  of  it, 
are  clothed  with  old  hatis,  as  being  of  the 
least  inflammable  materials,  and  have  ladles 

in 
•  See  PMl.  Trans.  JT.  489,  ?•  504. 
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in  their  hands,  with  handles  of  eight  feet  in 
length :  they  only  pass  by  and  dip  for  the 
metal  as  quick  as  they  can,  yet  in  the  pas- 
sage they  are  set  on  fire,  and  their  fellows 
stand  near  with  water  to  quench  them.  What 
is  here  said  of  the  colour  of  a  glass-house 
fire,  reminds  me  of  a  circumstance  observed 
by  a  friend  of  mine,  who  had  been  much  ia 
the  West  Indies,  that  in  the  hot  countries 
the  appearance  of  the  sun  is  perfectly  white, 
and  not  of  that  yellow  or  reddish  hue  as  in 
these  northern  climates, 

On  the  Heat  of  Climates. 

It  being  generally  observed  that  the  sea- 
sons in  any  particular  climate  depend  upon 
the  situation  of  the  sun  in  the  ecliptic ;  it^s 
thence  vulgarly  inferred,  that  the  heat  of  all 
climates  must  agree  with  their  position  in 
respect  to  the  sun  ;  and  that  as  the  greatest 
heat,  which  is  as  the  sine  of  90  degrees,  will 
be  found  where  the  sun  is  perpendicular  at 
the  equator,  the  heat  at  any  distance ,  from 
the  equator  will  be  as  the  cosine  of  the  lati^ 
tude,  from  which  it  would  necessarily  follow, 
that  at  the  pole,  where  the  cosine  vanishes, 
jbe  heat  (supposing  the  sun  tp  be  always  in 
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the  equator)  will  be  none  at  all.  This  rule 
is  so  far  from  prevailing  universally  in  all 
climates,  that  it  does  not  take  place  in  the 
same  climate ;  for  the  sun  has  the  same  me- 
ridional altitude  at  both  equinoxes,  yet  the 
autumnal  season  seldom  fails  to  be  warmer 
than  the  vernal.  In  this  inquiry,  therefore, 
we  must  leave  all  theories,  and  have  recourse 
to  the  e:syerience  of  those  who  can  give  us 
the  proper  information.  The  reports  of  all 
travellers  and  voyagers  will  be  found  to  agree 
in  this,  that  heat  and  cold  depend  much 
more  on  other  circumstances,  than  on  the 
latitude,  of  which  the  evidences  are  so  nu- 
merous, that  they  will  extend  to  almost  every 
part  of  the  globe.  But  before  we  launch 
out  to  examine  the  state  of  things  in  other 
climates,  it  will  be  proper  to  consider  the  or- 
dinary courses  of  heat  and  cold  in  our  own 
country,  with  which  we  are  best  acquainted, 
and  by  which  we  shall  judge  of  others. 

The  common .  changes  of  the  seasons  in 
Knglaud  are  comprehended  within  60  degrees 
of  Fahrenheit's  thermometer,  from  16  to  76: 
in  which  interval,  the  mean  degree  of  heat 
for  the  winter  quarter  is  31 ;  the  mean  de- 
gree for  the  vernal  equinox  43 ;  for  the  au- 
tuninal  48  ;  for  the  summer  quarter  6L  I 
.    .  set 
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set  down  these,  as  they  were  found  from  a 
series  of  my  own  observations.  The  noon- 
day heat,  of  what  we  call  the  summer  air,  is 
at  76;  but  the  extraordinary  heat  of  the 
summer  air  goes  to  80,  and  upwards;  I  have 
seen  it  at  86 ;  and>  therefore,  I  have  set  this 
down  in  the  scale  as  the  hottest  air  of  Eng- 
land ;  though  there  is  an  account  in  the 
Philosophical  Transactions,  that  it  has  been 
observed  at  88i  *.  An  hard  frost  in  England 
is  set  down  at  16;  but  I  have  myself  seen 
the  thermometer  at  T'"  and  Thomas  Hooker, 
esq.  of  Tunbridge,  assured  me,  that  in  th^ 
late  severe  frost  of  1 776,  at  four  o'clock  one 
morning,  he  saw  his  own  thermometer  but 
half  a  degree  above  the  cypher  f.  The  sub- 
terranean temperature  of  the  earth  at  mode- 
rate depths,  in  this  latitude,  is  about  48 
throughout  the  whole  year.  When  the  ther- 
mometer in  the  open  air  was  at  85,  another 
in  my  cellar  (at  Pluckley  in  Kent)  the  floor 
of  which  is  about  10  feet  below  the  surface 
of  the  earth,  and  goes  into  the  rock  with  an 

arch 

*  I  am  informed  tliat  in  this  present  summer,  June  1 780,  it 
hts  been  seen  so  high  as  go  in  the  neighbourhood  of  Londop. 

+  In  the  Gentleman's  Magazine  for  March  1776,  a  diary- 
is  inserted  from  Chatham,  where  the  thermometer  is  marked 
at  s|  degrees  below  the  cypher  at  Jan.  31. 
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arch  of  stone,  was  at  55  ;  and  in  the  late  se- 
vere weather  it  was  never  below  S6  ;  but  the 
mean  betwixt  these  two  is  probably  not  the 
true  one,  because  the  extraordinary  cold 
which  sunk  the  thermometer,  continued  so 
much  longer  than  the  extraordinary  heat  that 
raised  it. 

I  find,  upon  looking  into  my  papers,  that 
the  temperature  which  I  observed  in  the  sub- 
terranean waters  of  the  great  cave  in  the 
Peak  of  Derbyshire  was  48.  The  mean  of 
all  the  middle  heats  above  set  down  'for  the 
four  seasons,  is  46;  whether  the  temper  of 
the  earth's  body  is  quite  so  low  as  this,  does 
not  appear.  At  different  depths  the  heat  is 
various,  and  sometimes  is  found  very  high 
at  very  great  depths  *.  These  things  being 
premised,  we  shall  now  be  better  able  to 
judge  of  what  we  hear  concerning  the  tem- 
perature of  other  climates. 

In  surveying  the  different  parts  of  the 
world,  we  shall  meet  with  a  cool,  or  at  least 
a  moderate  air,  where  we  should  expect  the 
most  violent  heats;  and  shall  likewise  find 
great  heats  in  the  high  northern  latitudes, 
where  \ct  should  expect  £^  series  of  cold  wea-? 
ther  through  the  whole  course  of  the  year. 

At 

f  See  NoUet,  torn.-  ir.  p,  68, 
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At  the  island  of  Jamaica,  which  is  within 
the  limits  of  the  torrid  zone,  the  heat  is  not 
nearly  so  disagreeable  as  in  the  south  of 
Spain,  Gibraltar,  and  Minorca:  and  at  the 
north  side  of  the  island  of  Jamaica,  when  the 
wind  blows  off  the  continent,  the  air  is  cold, 
and  a  white  frost  is  often  seen  npon  the 
ground,  but  never  any  ice.  Within  twelve 
leagues  of  Carthagena,  which  is  very  near 
the  line,  the  mountains  are  covered  with 
snow.  A  regiment  which  had  been  abroad 
at  Carthagena  and  Jamaica,  was  afterwards 
ordered  into  the  Highlands  of  Scotland:  and 
on  one  day  in  particular,  as  they  were  on 
their  march  in  the  Highlands,  it  was  agreed 
by  the  officers  and  all  the  men,  that  they  had 
never  felt  the  heat  so  intolerable  in  the  West 
Indies.  Perhaps  it  ought  to  be  considered, 
in  accounting  for  this,  that  the  heat  is  often 
very  great  in  vallies,  when  it  is  much  more 
moderate  on  the  hills  or  level  grounds,  on 
account  of  the  reflexion  of  the  sun's  ra3s, 
especially  where  there  are  rocks  and  cliffs  of 
a  light  colour.  But  the  extraordinary  heat 
in  our  northern '  latitudes  is  chiefly  to  be 
accounted  for  from  the  long  continuance 
of  the  sun  above  the  horizon  ;  So  that  what 
is  wanting. in  the  direction  of  his   rays  is 

more 
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more  than  compensated  by  the  duration  of 
their  influence.  This  is  the  reason  why  the 
summers  are  hot  at  Petersburgh  in  Russia, 
about  10  degrees  north  of  London;  where 
the  corn  is  sown  and  grows  up  and  ripens  in 
a  very  short  time,  much  sooner  than  in 
England.  At  Greenland,  which  is  near  80 
degrees  north,  the  summer  heat  is  excessive; 
insomuch  that  an  experienced  person,  who 
was  much  versed  in  those  parts,  concluded 
it  must  be  very  great  at  the  pole  itself,  on 
account  of  the  long  continuance  of  the  sun 
above  the  horizon.  In  the  Isle  of  Cherry, 
which  is  75  degrees,  the  men  who  fish  for 
the  sea-calves  are  said  to  have  felt  so  great 
an  heat  about  mid-summer  that  the  pitch 
melted  and  ran  along  the  sides  of  their  vessel 
Many  other  extraordinary  instances  are  to 
be  met  with,  for, which  I  cannot  well  ac- 
count, unless  we  suppose  that  the  sunshine, 
beside  the  duration  of  it,  has  some  particular 
advantage  in  acting  upon  the  denser  air  of 
the  polar  regions.  On  the  other  hand,  the 
cold  at  Philadelphia  in  Pennsylvania,  which 
place  is  10  degrees  nearer  the  sun  than  Lon- 
don, was  observed  to  be  H  degrees  below 
the  cypher;  and  as  the  observation  was  not 
made  in  a  sharp  winter,  it  is  3upposed  thajt 

the 
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the  cold  may  sometimes  fall  to  more  than  £6 
degrees  below  the  cypher*.  The  heat  of  the 
summer  at  the  same  place  arose  to  96  or  97 ; 
which  gives  above  100  degrees  for  the  an* 
nual  range  of  the  thermometer.  At  Barbae 
does  the  thermometer  never  rises  above  86 : 
yet  at  Valdagnio,  within  60  miles  of  Venice^ 
a  learned  observer  assured  me  he  saw  the 
thermometer  rise  to  96  for  ten  days  succes-^ 
sively. 

Muschenbroek  informs  us,  that  in  July 
1750,  the  heat  at  Leyden  in  Holland  was  ^O: 
that  the  greatest  heat  of  Senegal  in  Africa  is 
from  104  to  110  degrees:  and  that  in  a  voy- 
age to  Peru  under  the  line,  the  thermometer 
was  observed  at  45  degrees. 

All  travellers  who  have  frequented  the  Eu-^ 
ropean  side  of  the  Mediterranean  sea,  such 
as  Gibraltar,  Minorca,  Venice,  Sicily ^  &c 
complain  most  of  the  hot  wind  that  blows  ia 
those  places,  particularly  in  the  night;  the 
sensation  of  which  is  attended  with  a  debility 
of  the  limbs,  and  a  failing  of  the  animal  spi- 
pits,  both  of  which  are  past  expression.  They 
^ive  this  wind  the  name  of  the  sirocoy  be*- 
cause  it  comes  to  them  from  the  south-east, 
and  is  supposed  to  arise  from  the  lands  oi 

Africa 
*  Peter  Kalm's  Travels  to  North  America,  vol.  i.  p.  295» 
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Africa  in  the  neighbourhood  of  Syria.     l/ 
the  heat  of  thils  was  such  as  has  been  reported 
by  a  late  curious  traveller  from  Englandy 
and  which  from  him  I  have  set  down  in  th^ 
scale  at  112*,  it  is  probably  the  hottest  air 
that  has  yet  been  observed  with  any  accu* 
racy  in  the  known  world.     Yet  if  this  wind 
brings  with  it  so  many  degrees  of  heat  to 
Sicily,  what  must  it  be  in  Africa,  its  own  na- 
tive region?    Surely  it  is  reasonable  to  think 
that  something  considerable  must  be  lost  in 
the  passage,  and  that  the  heat  of  such  a  wind 
at  the  source  of  it  must  be  above  what  Mus- 
chenbroek  sets  down  for  the  heat  of  Senegal. 
I  have  heard  it  observed  by  gentlemen  who 
have  been  stationed  at  Senegal  and  Goreein 
Africa,  that  the  climate  there  is  subject  to  a 
burning  easterly  wind  on  certain  occasions, 
which  scorches  the  face  like  a  blast  from  the 
mouth  of  a  furnace,  and  if  not  avoided,  either 
by  lying  down  or  repairing  to  some  shelter, 
occasions  present  death.     It  is  pity  but  they 
who  are  capable  of  making  observations,  and 
have  the  opportunity,  were  furnished  with 
proper  instruments  for  ascertaining  the  tem- 
perature of  places,  by  some  better  rule  than 
that  fallacious  one  of  the  bodily  sensations; 

that 
*  Mr#  Brydonc. 
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tbat  yre  might  know  how  much  of  these  ef- 
fects is  to  be  ascribed  to  the  heat:  for  there 
is  undoubtedly  somewhat  that  affects  us  in 
particular  winds  beside  the  absolute  heat  or 
cold  of  them;  which  matter  will  come  under 
consideration  in  another  place. 

The  heats  in  general  seem  to  be  higher  in 
the  East  than  in  the  W^est  Indies.     At  Ben- 
gal the  thermometer  in  June  1765,  was  sel- 
dom below  98,  and  sometimes  at  104  or  up- 
wards :  which  however  is  not  higher  than  it 
has  been  observed  in  Georgia,  where  it  stands 
at  98  for  many  days  together,  and  even  in 
the  night  falls  no   lower  than   89 :    twice 
within  less  than  a  month  it  was  at  102 ;  but 
this  was  in  an  extraordinary  hot  summer  *. 
A  curious  gentleman  having  applied  a  ther- 
mometer to  his  body  while  he  breathed  in  an 
air  of  105  degrees,  found  it  sink  several  de- 
grees, and  that  the  heat  of  the  body  in  health 
would  never  raise  it  above  97 •      There  is 
something  very  wonderful  in  the  nature  of 
animal  heat:    for  while  inanimate  unorga- 
nised matter,  whether  fluid  or  solid,  will  soon 
conceive  the  same  temper  with  the  medium 
that  surrounds  it,  the  temperature  of  animal 
life,  whatever  it  may  be  in  different  animals, 
,  continues 

♦  Phil.  Trans,  vol.  L  No  102. 
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coBtinues  nearly  the  same  in  erery  medium: 
and  vegetable  life  is  found  in  some  measure 
to  partake  of  the  same  property.  At  the 
baths  of  Abano,  a  small  town  in  the  Venetian 
state,  there  is  a  multitude  of  mineral  springSi 
strongly  impregnated  with  siilpbur,  and  of  a; 
boiling  heat.  In  the  midst  of  these  bcSltng 
springs,  within  3  feet  of  four  or  five  of  them, 
there  is  a  tepid  one  about  blood-warm,  which 
is  used  for  drinking.  In  these  waters,  not 
only  the  common  potamogeitous  and  con- 
fervas, or  pond  weeds  and  water  mosses,  arc 
found  growing  in  an  healthy  state,  but  num- 
bers of  small  black  water  beetles  arc  likewise 
seen  swimming  about,  which  die  ©n  being 
taken  out  and  plunged  suddenly  into  cold 
water.  Whether  these  insects  are  local,  and 
formed  by  nature  to  live  in  this  great  heat, 
or  whether  by  custom  they  are  so  reconciled 
to  it  as  to  preserve  their  own  natural  tem- 
perature, my  account  does  not  distingtush : 
but  as  the  plants  are  of  the  common  sorts, 
there  seems  no  reason  to  suppose  that  the 
animals  are  of  a  peculiar  formation,  sux  ge- 
neris^ and  adapted  to  the  nature  of  the  place. 
This  singular  fact,  which  I  had  from  an  ho- 
nourable person  who  himself  observed  it, 
hath  lately  been  illustrated  by  the  experience 

of 
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of  some  learned  ^members  of  our  Royal  So- 
ciety, who  found  that  they  were  able  to  sub- 
sist, for  a  considerable  time,  without  any  great 
inconvenience,  in  sin  air  heated  far  above  the 
degree  of  boiling  Water ;  which  heated  their 
buckles  so  that  they  could  not  be  fouched 
without  scorching  the  fingers.  The  philoso- 
phers of  the  French  Academy  found,  long 
ago,  by  experiment,  that  the  human  body 
can  bear  the  air  of  an  oVen  for  five  minutes 
heated  to  325^  that  is  1 1 3  degrees  above  the 
heat  of  boiling  water.  Daily  practice  might 
soon  reconcile  the  body  to  bear  this  much 
longer  and  with  less  offence.  Water  being 
a  denser  medium,  affects  us  with  its  heat 
more  than  air;  but  such  is  the  power  of  ha- 
bit, that  I  have  seen  my  own  cook-maid  take 
the  meat  from  a  pot  of  boiling  water,  with 
her  bare  hands,  without  being  scalded. 

These  observations  on  the  heat  and  cold 
of  different  climates  shall  be  concluded  with 
a  discourse  ofa  the  same  subject  by  the  inge- 
nious and  philosophical  writer  of  Anson's 
Voyage ;  who,  on  occasion  of  the  very  dif- 
ferent heats  then  observed  in  the  same  lati- 
tude, on  the  East  and  West  sides  of  the  coast 
of  South  America,  was  drawn  into  the  fol- 

voL.  IX.  y  lowing 
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lowiu^  digression ;  which  I  shall  here  sub- 
join in  his  own  words : 

**  The  ancients  conceived  that  of  the  five 

^'  zones  into  which  they  divided  the  surface 

*^  of  the  globe,    two  only  were  habitable; 

*'  supposing  that  the  heat  between  the  tro* 

*^  pics,  and  the  cold  within  the  polar  circlesp 

*'  were  too  intense  to  be  supported  by  man- 

^^  kind.    The  falsehood  of  this  reasoning  has 

*' been   long  evinced;    but  the  particular 

'^  comparison  of  the  heat  and  cold  of  these 

\ '  various  climates,  has  as  yet  been  very  imper- 

'*  fectly  considered.     However,  enough  is 

'^  known  safely  to  determine  this  position, 

*'  that  all  places  between  the  tropics  are  far 

*'  from  being  the  hottest  on  the  globe,  as 

**  many  of  those  within  the  polar  circles  arc 

•*  far  from  enduring  that  extreme  degree  of 

*'  cold  to  which  their  situation  should  seem 

*'  to  subject  them :  that  is  to  say,  that  the 

*'  temperature  of  a  place  depends  much  more 

*'  upon  other  circumstances,  than  upon  its 

*^  distance  from  the  pole,  or  its  proximity  ta 

•*  the  equinoctial.     / 

**  This  proposition  relates  to  the  general 
*' temperature  of  places  taking  the  whole 
'^  year  round;  and,  in  this  sense,  it  cannot  be 

<«  denied 
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*  denied  that  the  city  of  London,  for  in- 
^  stance,  enjoys  much  warmer  seasons  than 

*  the  bottom  of  Hudson's  Bay,    which  is 

*  nearly  in  the  same  latitude  with  it ;  but 

*  where  the  severity  of  the  winter  is  so  great  > 

*  that  it  will  scarcely  permit  the  hardiest  of 

*  our  garden  plants  to  live.      And  if  the 

*  comparison  be  made  between  the  coast  of 

*  Brazil  and  the  western  shore  of  South- 

*  America ;  as  for  example,   betwixt  Bahia 
^  and  Lima,  the  difference  will  be  still  more 

*  considerable :    for  although  the  coast  of 
'  Brazil  is  extremely  sultry,  yet  the  coast  of 

*  the  South  Seas,  in  the  same  latitude,  is  per- 
'  haps  as  temperate  and  tolerable  as  any  part 

*  of  the  globe ;  since,  in  ranging  along  it,  we 

*  did  not  once  meet  with  so  warm  weather 

*  as  is  frequent  on  a  summer's  day  in  Eng- 

*  land :  which  was  still  the  more  remark- 

*  able,  as  there  never  fell  any  rains  to  re- 

*  fresh  and  cool  the  air. 

**  The  causes  of  this  temperature  in  the 
'  South  Seas  are  not  difficult  to  be  assigned. 

*  I  am  now  only  solicitous  to  establish  the 

*  truth  of  this  assertion,  that  the  latitude  of 

*  a  place  alone  is  no  rule  whereby  to  judge 

*  of  the  degree  of  heat  and  cold  which  ob- 
tains there.     Perhaps  this  position  might 

Y  2  '*b« 
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'  be  more  briefly  confirmed  by  observing^ 
^  that,  on  the  top  of  the  Andes,  though  uii- 

*  der  the  equinoctial,  the  snow  never  melts 
'  the  whole  year  round :  a  criterion  of  cold 
'  stronger  than  what  is  known  to  take  place 
'  in  many  parts  far  removed  within  the  polar 
'  circle. 

**  I  have  hitherto  considered  the  tempera- 
'  ture  of  the  air  all  the  year  through,  and 

*  the  gross  estimate  of  heat  and  cold  which 
'  every  one  makes  from  his  own  sensation. 
'  If  this  matter  be  examined  by  means  of 
'  thermometers,  which  in  respect  to  the  ab- 
^  solute  degree  of  heat  and  cold  are  doubt- 
'  less  the  most  unerring  evidences  :  if  this 

*  be  done,  the  result  will  be  indeed  most 

*  wonderful ;  since  it  will  hence  appear,  that 
'  the  heat,  in  very  high  latitudes,  as  at  Pc- 
'  tersburgh,  for  instance,  is  at  particular 
^  times  much  greater  than  any  that  has  hi- 
'  therto  been  observed  between  the  tropics ; 

*  and  that  even  at  London,  in  the  year  1746, 

*  there  was  the  part  of  one  day  considerably 
'  hotter  than  what  was  at  any  time  felt  by 
'  a  ship  of  Mr.  Anson's  squadron,  in  run- 

*  ing  from  hence  to  Cape  Horn,   and  back 

*  again,  and  passing  twice  under  the  sun  : 
'  for,  in  the  summer  of  that  year,  the  ,ther- 

'^  mometer 
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mometer  in  Ix)nclon  (being  one  of  those 
graduated  according  to  the  method  of 
Fahrenheit)  stood  once  at  78^;  and  the 
greatest  height  at  which  a  thermometer  of 
the  same  kind  stood  in  the  foregoing  ship, 
I  find  to  be  76^ ;  this  was  at  St.  Catha- 
rine's, in  the  latter  end  of  December, 
when  the  sun  was  within  about  three  de- 
grees of  the  vortex :  and  as  to  Peters- 
burgh,  I  find  by  the  acts  of  the  academy- 
established  there,  that  in  the  year  1734, 
on  the  20*''  and  25'**  of  July,  the  thermo- 
meter rose  to  98*"  in  the  shade ;  that  is,  it 
was  twenty-two  divisions  higher  than  it 
was  found  to  be  at  St.  Catharine's,  which 
is  a  degree  of  heat  that,  were  it  not  autho- 
rised by  the  regularity  and  circumspection 
with  which  the  observations  seem  to  have 
been  made,  would  appear  altogether  in- 
credible. 

^*  If  it  should  be  asked,  how  it  conies  to 
pass,  then,  that  the  heat,  in  many  places 
between  the  tropics,  is  esteemed  bo  violent 
and  insufferable,  when  it  appears  by  these 
instances  that  it  is  sometimes  rivalled  or 
exceeded  in  very  high  latitudes  not  far 
from  the  polar  circle?  I  should  answer, 
that  the  estimation  of  heat,  in  any  particu- 
y3  ^Mar 
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*'  lar  place,  ought  not  to  be  founded  upon 
*^  that  degree  of  heat  which  may  now  and 
**  then  obtain  there;  but  is  rather  to  be  de- 
^'  duced  from  the  medium  observed  in  a 
*^  whole  season,  or  perhaps  in  a  whole  year; 
*^  and  in  this  light  it  will  easily  appear^  how 
**  much  more  intense  the  same  degree  of 
**  heat  may  prove,  by  being  long  continued 
*'  without  remarkable  variation.  For  in- 
^'  stance,  in  comparing  together  St.  Catha- 
*'  rine's  and  Petersburgh,  we  will  suppose  the 
* '  summer  heat  at  St.  Catharine^s  to  be  76^ 
*^  and  the  winter  heat  to  be  twenty  divisions 
^*  short  of  it :  I  do  not  make  use  of  this  last 
*^  conjecture  upon  Sufficient  observation,  but 
*'  I  am  apt  to  suspect  that  the  allowance  is 
^'  full  large.  Upon  this  supposition,  then, 
*'  the  mean  heat  all  the  year  round  will  be 
^'  66'',  and  this  perhaps  by  night  as  well  as 
*^  day^  with  no  great  variation.  Now  those 
^'  who  have  attended  to  thermometers  will 
*^  readily  own,  that  a  continuation  of  this 
^^  degree  of  heat,  for  a  length  of  time,  would, 
*'  by  the  generality  of  mankind,  be  styled 
^Wiolent  and  suffocating.  But  at  Peters- 
*  ^  burgh,  though  a  few  times  in  the  year,  the 
*'  heat  by  a  thermometer  may  be  consider- 
^*  ably  greater  than  at  St.  Catharine's;  yet 
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**  as  at  other  times  the  cold  is  immensely 
**  sharper;  the  medium  for  a  year,  or  even 
*^  for  one  season  only,  would  be  far  short  of 
''  66^  For  I  find  that  the  (range  pf  the) 
*  *  thermometer  at  Petersburgh  is  at  least  five 
**  times  greater,  from  its  highest  to  its  lowest 
'^  point,  than  what  I  have  supposed  to  take 
**  place  at  St.  Catharine's. 

*'  Besides  this  estimation  of  the  heat  of  a 
''  place,  by  taking  the  medium  for  a  consl- 
*^  derable  time  together,  there  is  another 
'*  circumstance  which  will  still  augment  the 
*^  apparent  heat  of  the  warmer  climates,  and 
*'  diminish  that  of  the  colder,  though  I  do 
**  not  remember  to  have  seen  it  remarked  in 
**  any  author.  To  explain  myself  more  dis- 
**  tinctly  upon  this  head,  1  must  observe,  that 
*^  the  measure  of  absolute  heat,  marked  by 
**  the  thermometer,  is  not  the  certain  crite- 
'Vrion  of  the  sensation  of  heat  with  which 
^'  human  bodies  are  affected ;  for  as  the  pre- 
**  sence  and  perpetual  succession  of  fresh  air 
**  is  necessary  to  our  respiration,  so  there  is 
**  a  species  of  tainted  or  stagnated  air  often 
**  produced  by  the  continuance  of  great 
**  heats,  which  being  less  proper  for  respira- 
**  tion,  never  fails^to  excite  in  us  an  idea  of 
^^  sultriness  and  suffocating  warmth,  much 
y  4  **  beyond 
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*  beyond  what  the  heat  of  air  aloM,  suppos- 
'  ing  it  pure  and  agitated,  would  Occasion. 
^  Hence  it  follows,  that  the  mere  inspection 

*  of  the  thermometer  will  never  determine 

*  the  heat  which  the  human  body  feels  from 
'  this  c^use:  and  hence  it  follows,  too,  that 

*  the  heat,  in  most  places  between  the  tro- 

*  pics,  must  be  more  troublesome  and  uneasy 

*  than  the  same  degree  of  absolute  heat  in  a 

*  high  latitude ;  for  the  equability  and  du- 

*  ration  of  the  tropical  heat  contribute  to 

*  impregnate  the  air  with  a  multitude  of 
'  steams  and  vapours  from  the  soil  and  wa- 
'  ter,  and  these  being  many  of  them  of  an 
'  impure  and  noxious  kind,  and  being  not 
'  easily  removed,  by  reason  of  the  regularity 
'  of  the  winds  in  those  parts,  which  only 
'  shift  the  exhalations  from  place  to  "place, 
'  without  dispersing  them,  the  atmosphere 
^  is  by  this  means  rendered  less  capable  of 
^  supporting  the  animal  functions,  and  man- 
^  kind  are  consequently  affected  with  what 
^  they  style  an  intense  and  stifling  heat: 
'  whereas  in  the  higher  latitudes  these  va- 
'  pours  are  probably  raised  in  smaller  quan- 
^  tities,  and  the  irregularity  and  violence  of 
^  the  winds  frequently  disperse  them ;  so 
^  that  the  air  being  in  general  pure  and  less 

5  .  ■'  stagnant, 
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**  stagnant,  the  same  degree  of  absolute  heat 
'^  is  not  attended  with  that  uneasy  and  suf- 
**  focating  sensation.  This  may  suffice  in 
**  general  with  respect  to  the  present  specu- 
*'  lation:  but  I  cannot  help  wishing,  as  it  is 
**  a  subject  in  which  mankind,  especially 
*'  travellers  of  all  sorts,  are  very  much  in- 
*'  terested,  that  it  were  thoroughly  and  ac- 
*^  curately  examined,  and  that  all  ships 
'*  bound  to  the  warmer  climates  would  fur- 
*^  nish  themselves  with  thermometers  of  a 
"  known  fabric,  and  would  observe  them 
*'  daily,  and  register  their  observations:  for, 
*^  considering  the  turn  to  philosophical  in- 
*^  quiries,  which  has  obtained  in  Europe  for 
*'  the  last  fourscore  years,  it  is  incredible 
**  how  very  rarely  any  thing  of  this  kind 
•^  hath  been  attended  to*." 

Such  were  the  speculations  of  this  ingeni- 
ous writer,  which  in  the  main  are  both  true 
and  curious.  The  complaint  at  the  conclu- 
sion of  them  is  now  of  less  weight  than  for- 
merly, many  reports  from  philosophical  peo- 
ple in  foreign  climates  having  been  trans- 
mitted to  the  Royal  Society:  and  I  make  no 
doubt  but  that  Mr.  Robins  himself  would 
have  added  mainy  valuable  observations  of 

his 
*  See  Anson's  Voyage,  book  ii.  cap,  5. 
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his  own,  if  the  climate  of  the  East  Indies 
had  not  so  soon  proved  fatal  to  him,  after 
his  removal  thither.  In  this  subject  there  is 
one  consideration  which  seems  not  to  have 
occurred  to  him ;  which  is,  the  essential  dif- 
ference between  the  air  that  lies  contiguous 
to  the  sea  and  that  which  is  contiguous  to 
tracts  of  land.  The  observations  from  which 
he  reasons  were  made  on  ship-board,  conse* 
quently  upon  the  sea :  and  it  seems  natural 
that  the  vast  body  of  water  in  the  sea, 
which  can  never  acquire  any  great  heat  from 
the  sun,  because  the  deeper  water  is  always 
shifting  to  the  surface,  should  have  a  great 
effect  in  cooling  the  atmosphere,  as  the  air, 
in  a  lower  apartment,  is  kept  to  a  more  mo- 
derate temperature  by  the  effect  of  a  stone 
floor.  The  air  contiguous  to  the  sea  can 
never  be  violently  heated,  unless  in  some 
harbour  or  bay  where  it  is  inclosed,  or  on 
some  coast  where  it  is  affected  by  the  land ; 
and  therefore  in  all  the  islands  of  the  West 
Indies,  the  heats  are  daily  reduced  and  qua- 
lified by  the  breezes  which  come  from  the 
water.  This  consideration  suggests  one  good 
physical  reason,  why  the  proportion  of  sea  is 
so  large  in  the  terraqueous  globe;  more  espe* 
cially  why  the  land  is  contracted  to  such 

narrow 
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narrow  dimensions  in  those  regions  that  lie 
within  the  torrid  zone,  which  in  the?  western 
hemisphere  is  very  remarkable  at  the  isthmus 
of  Darien,  and  not  much  less  in  the  eastern, 
when  the  general  distribution  of  the  land  is 
considered. 

I  should  far  exceed  the  limits  I  have  pre- 
scribed to  myself,  if  I  were  here  to  examine 
the  several  concurring  causes  of  the  tempe- 
ratures that  obtain  in  particular   climates: 
and  besides,  something  of  this  kind  will  come 
before  us  upon  another  occasion.     It  may  be 
sufficient  here  to  observe,  what  a  remarkable 
ptovision  is  made  in  the  world,  and  the  se- 
veral parts  of  it,  to  keep  up  a  perpetual  change 
in  the  degrees  of  heat  and  cold.     These  two 
are  antagonists,  or,  as  Lord  Bacon  calls  them, 
the  very  hands  of  nature  xvithxvhich  she  chiefly 
worketh ;  the  one  expanding,  the  other  con- 
tracting bodies,  so  as  to  maintain  an  oscilla-  • 
tory  motion  in  all  their  parts ;  and  so  ser- 
viceable are  their   changes   in  the  natural 
world,  that  they  are  promoted  every  year, 
every  day,  every  hour,  and  we  may  indeed 
say  every  moment.   By  means  of  the  oblique 
position  of  the  ecliptic,  the  earth  is  conti- 
nually presenting  a  difterent  face  to  the  sun, 
and  never  receives  his  rays  two  days  together . 

in 
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in  the  same  direction.  In  the  day  and  night 
the  differences  arising  from  the  presence  and 
absence  of  the  sun  are  generally  so  very  ob- 
vious that  they  need  not  be  mentioned,  but 
they  are  most  remarkable  in  those  climates 
where  the  sun  at  his  setting  makes  the  greatest 
angle  with  the  horizon.  In  every  hour  of 
the  day  the  heat  varies  with  the  sun's  alti- 
tude, and  also  with  the  frequent  interposition 
of  clouds.  Other  vicissitudes  of  heat  and 
cold  are  promoted  by  the  winds.  The  south 
is  warm,  because  it  blows  from  the  sun;  the 
north  is  cold,  as  coming  from  the  pole,  sur-' 
rounded  with  frozen  seas;  the  west  is  mild, 
because  it  comes  to  us  from  that  quarter 
where  the  effect  of  the  sun's  rays  is  longer 
retained  from  the  direction  of  the  annual 
motion,  the  earth  on  that  side  leaving  a 
train  of  heat  behind  it  as  it  proceeds  in  its 
orbit;  the  east  is  cold,  as  coming  to  us  from 
the  high  mountains  of  the  continent,  covered 
with  perpetual  snows ;  and  perhaps  for  ano^ 
ther  more  general  reason,  because  the  eastern 
side  of  the  earth  is  continually  shifting  by 
the  annual  motion  into  a  fresh  part  of  the 
sky,  not  yet  afFe<:ted  by  the  rays  that  return 
from  the  earth's  body;  which  is  one  reason 
why  the  eastern  twilights  are  always  shorter 

than 
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tha;n  the  western,  as  astronomers  have  fre- 
quently observed.  The  changes  which  take 
place  on  so  many  different  principles,  from 
the  seasons  of  the  year,  the  hours  of  the  day, 
the  vicissitudes  of  light  and  darkness,  the 
shifting  of  the  winds,  &c.  are  so  various, 
that  they  must  needs  be  intended  to  answer 
some  very  important  ends  in  the  creation. 

On  the  Nature  and  Causes  of  Cold. 

As  darkness  is  supposed  to  be  nothing  but 
a  privation  of  light,  so  cold  has  been  sup- 
posed by  some  to  be  nothing  but  a  privation 
of  the  matter  of  fire.  But  it  cannot  be 
proved  that  there  is  more  of  the  matter  of 
fire  in  a  red-hot  iron  than  in  the  same  iron 
when  cold,  provided  the  bulk  were  to  con- 
tinue the  same:  all  we  can  affirm  is  this, 
that  the  matter  of  fire  is  in  a  more  refined 
and  active  state.  The  world  always  contains 
the  same  quantity  of  fire ;  but  in  different 
places  and  at  different  seasons  the  manner 
and  degree  of  its  action  are  changed.  It  is 
far  from  being  clear  that  the  matter  of  fire 
gives  any  heat  at  all  till  it  is  compressed  and 
agitated  in  a  particular  manner.  The  higher 
,we  ascend  above  the  vapours  of  the  earth, 

which 
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which  are  subject  to  a  tumultuous  agitation, 
the  less  heat  we  perceive  from  the  rays  of 
the  sun,  though  they  are  in  themselves  more 
pure  and  less  interrupted.  The  flux  of  elec- 
tric fire  will  pass  through  ice,  and  be  long 
resident  within  it,  without  melting  it ;  and 
if  it  be  ever  so  much  accumulated  in  the 
simple  way,  it  will  give  no  heat  sensible  on  a 
thermometer:  but  when  it  is  resisted  and 
agitated  by  violent  compression,  it  explodes 
and  burns  with  th^  utmost  violence,  as  in 
the  solution  of  metals  by  the  electric  shock, 
which  makes  them  red-hot,  and  disperses 
them  abroad  in  a  liquid  shower  of  fire. 

Cold  and  heat,  then,  are  properties  of  the 
same  element.  And  why  not?  the  light 
which  is  not  strong  enough  for  us  to  read 
by,  is  of  the  same  nature  with  that  which 
dazzles  the  eyes  at  noon-day :  the  air  is  the 
same  element,  whether  it  explodes  from  a 
cannon,  yields  harmonious  sounds  from  a 
musical  instrument,  blows  in  a  storm,  or 
stagnates  in  a  calm.  There  are  some  occa- 
sions when  it  will  rend  an  oak,  and  others 
when  it  will  not  waft  a  feather;  yet  the 
quantity  of  air  about  the  earth  is  nearly  the 
same  at  all  seasons.  In  these  several  in- 
stances we  express  ourselves  in  different  lan- 
guage, 
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guage,  but  the  same  thing  is  every  where 
understood.     And  the  same  thing  is  to  be 
understood  when   we  express   the  different 
sensations  we  have  from  the  several  degrees 
of  fire,  whether  it  bums  us,  or  heats  us,  or 
.warms  us,   or  gives  us  a  sense  of  coldness 
only  because  it  is  below  the  temperature  of 
an  animal  body :  all  these  expressions  relate 
to  the  various  modifications  and  effects  of 
one  and  the  same  medium.     It  is  the  com- 
mon property  of  weapons  to  be  sharp;  but 
if  they  are  blunt  and  harmless,  the  matter  of 
steel  which  produces  the  effect  is  the  same 
as  before.     When  the  medium  of  fire  is  de- 
scending in  its  temperature,    we  generally 
call  it  cold;  and  when  it  is  ascending,  we 
call  it  heat     And  though,  when  we  bring 
these  things  together,  they  seem  to  run  us 
upon  the  absurdity  of  cold  fire,  yet  this  is 
an  absurdity  in  language,  not  in  nature. 

As  all  heat  arises  from  the  expansive  mo- 
tion of  fire,  all  cold  must  be  owing  to  a  ces- 
sation or  diminution  of  that  motion  ;  so  that 
if  there  could  be  any  such  thing  as  absolute 
rest  in  fire,  there  would  be  absolute  cold^ 
We  argue  that  fire  expands  other  things  in 
virtue  of  its  own  expansion :  therefore,  by 
parity  of  reason,  we  must  infer  that  when 

bodies 
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bodies  are  contracted  with  cold,  the  fire  which 
extended  them  is  itself  contracted  and  qui- 
escent.    If  we  suppose  heat  and  cold  to  be 
properties  which  infer  two  different  ^ubstanv 
ces,  we  ought  so  to  distinguish  them  as  to 
.fix  upon  some  point  where  the  one  ends,  and 
the  other  begins  ;  but  no  such  point  can  be 
found  or  imagined.     When  water,    with  a 
boiling  heat,  is  exposed  to  the  open  air,  th6 
fire  of  the  atmosphere  soon  brings  it  down  to 
its  own  present  temperature.    If  the  thermo- 
meter at  the  same  time  is  reduced  by  art  down 
to  the  cypher,  it  will,  when  left  to  itself^ 
soon  be  raised  again  to  the  degree  of  the  at- 
mosphere ;  so  that  the  same  mediuni  in  these 
two  instances  gives  heat  and  coldness,  and 
therefore  ought  itself  to  be  both  hot  and  cold : 
but  as  it  cannot  be  both,  it  is  in  reality  nei- 
ther, the  heat  and  cold  which  we  ascribe  to 
it  being  no  more  than  relative  terms ;  or,  in 
other  words,  heat  and  coldness  are  the  names 
we  give  to  the  different  impressions  we  re- 
ceive from  elementary  fire. 

There  are  many  chemical  experiments 
which  are  attended  with  the  production  of 
an  artificial  cold.  By  the  mixture  of  some 
solids  and  fluids  together,  or  the  mixture  of 
some  fluids  with  others,  two  opposite  effects 

are 
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&f  e  produced.    Lime  mixed  with  water  gives 
a  very  sensible;  heat  to  it,  and  fumes  arise 
which  are  hot  and  penetrating.     Oil  of  vi- 
triol, mixed  with  water,  has  the  same  effect 
iipon  it,  and  the  like  is  observed  in  many 
other  instance's.    But  when  sea-salt  is  mixed 
Vith  water,  the  contrary  happens,  arid  the 
water  becomes  many  degrees  colder  than  be- 
fore,  insomuch  that  when  sea-salt  is  mixed 
with  snow,  and  they  are  stirred  well  toge- 
ther, a  thermometer  placed  in  the  mixture 
will  sink  even  down  to  the  cypher,  or  below 
it,  as  it  appears  by  the  scale ;  and  a  vessel  of 
water,  surrounded  with  this  mixture,  will  be 
frozen  even  by  the  fiie-side.     Sal  ammoniac 
applied  in  the  same  manner  will  produce  a 
more  intense   coldness   than   conimon  salt, 
when  either  of  these  salts  have  been  inti- 
mately mixed  with  snow,  or  powdered  ice, 
a  very  remarkable  fermentation  ensues,  and 
bubbles  of  an  aerial  appearance  are  generated 
and  discharged  in  vast  quantities  at  the  sur- 
face, so  that  the  mixture  will  seem  even  to 
froth  and  foani.    Fermentations  are  so  called, 
because  when  heterogeneous  ingredients  work 
together,  heat  is  commonly  produced :  but 
,  W6  cannot  speak  of  cold  fermentations  with- 
out ati  abuse  of  words ;  we  may  therefore 
TOL,  1x4  z  call 
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call  them  cold  ebullitions.     In  order  to  ac- 
count for  them,  it  should  fitst  be  considered 
what  happens  in  hot  fermentations,  of  which 
the«e  are  the  revef^e.    On  stich  occasions  we 
hold,  that  the  fire  which  waft  attached  in  a 
quiescent  state  to  any  body,  is  decomposed 
and  brought  into  action  by  means  of  somti 
third  ingredient,  which  either  disturbs  the 
fire,  or  sets  it  at  liberty  from  the  body  which 
retained  it.     When  air  has  access  to  phos* 
phorus,  the  fire,  which  before  was  cold  and 
quiescent,  becomes  active  and  burning,  and, 
as  fast  as  it  is  decomposed,  goes' oflF  in  fumes, 
end  carries  the  volatile  parts  of  the  phospho* 
rus  along  with  it,  which  is  known  by  a  strong 
urinous  smell,  which  attends  the  solution. 
In  cold  ebullitions  the  contrary  happens: 
the  fire,   by  the  admixture  of  some  third 
matter,  is  checked  and  made  less  active  than 
before,  or  discharged  by  what  is  newly  in* 
troduced.     In  some  cases  it  seems  as  if  the 
salt,  which  occasions  this  effect,  yielded  in 
its  dissolution  a  different  sort  of  ether  more 
gross  and  aerial,  displacing  the  natural  fire 
of  the  water  or  acid  with  which  it  is  mixed, 
and  planting  this  other  ether  in  its  stead, 
which  produces  a  temporary  coldness ;  for  it 
can  be  only  temporary,  because  the  fire  of 

the 
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t^e  atmosphere  brings  all  things  by  degree? 
to  its  own  temper.  This  account  is  favoure4 
by  some  experiments,  where  one  thermome* 
ter  will  sink  in  the  mixture,  while  another 
will  rise  in  the  fumes  that  are  discharge4 
from  it,  for  the  production  of  cold,  Mon- 
sieur Homberg,  the  celebrated  Frepch  che- 
mist, m^de  the  Allowing  experiment  before 
]the  Royal  §Qciety : — ^lie  look  a  pound  of  cor* 
revive  sublimate,  and  a  pound  of  sal  ^ronio-^ 
toiiac,  powdering  each  of  them  apart  j  then 
he  mixed  both  the  powders  very  exactly,  put 
the  mixture  into  a  phial,  pouring  upon  it  a 
pint  and  a  half  of  distilled  vinegar,  and 
sh?tkiiig  the  whole  well  together,  with  which 
the  corapoi^ition  became  sp  cold,  that  the  ves- 
sel which  contained  it  could  hardly  be  held 
ia  the  hand  in  the  summer  time;  and  it 
chanced,  ^s  he  was  making  this  inixture,  that 
the  subject  froze  *. 

'yhere  ii^  auother  w?iy  of  producing  ^tran- 
sient cold,  which  agrees  with  the  old  doc- 
trine of  Antiperistasis  among  the  Aristote- 
lians. If  a  vessel  pf  water,  including  a 
thermometer,  is  placed  in  the  centre  of  an- 
pther  larger  vessel  containing  water  of  the 
same  temper,  q.nd  live  cpals  are  thrown  sud- 

z  2  denly 

♦  Tqms»  Abr.  vol.  v»  p.  y,  Mr,  Mpttc, 
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denly  into  the  water  of  the  larger  vessel,  the 
tliermometer  of  the  inner  vessel  will  sink 
considerably,  as  if  tlie  expansion  of  the  or- 
dinary medium  within  the  pores  of  that  water 
^ere  checked  by  the  effect  of  that  greater 
which  surrounds  it,   and  enters  upon  it  for- 
cibly in  a  contrary  direction.     This  effect; 
however,  lasts  but  a  very  short  time,  till  the 
heat  newly  introduced  takes  placeTip  to  the 
common  centre  of  the  vessels.     It  was  an- 
ciently im%ined,  that  a  surrounding  heat 
repels  and  concentrates  cold,  and  that  cold, 
under  like  circumstancesj  has  the  same  ef^ 
feet  upon  heat.     Some  modern  observations 
have  been  adduced  to  confirm  this  notion, 
particularly  from  what  happens  in  the  icy 
cavern  of  Szeliczie,  neiar  Mount  Carpathus, 
which  freezes  in  summer,  and  begins  to  melt 
as  the  winter  approaches  *.     This  phaenome- 
non  is  illustrated  by  a  practice  said  to  be 
common?  among  the  Hungarians,  teho,  when 
they  travel  through  desarts,  where  there  is 
neither  ice  nor  spring  water  to  cool  their  li- 
quors,  dig  a  pit  of  two  feet  deep,  and  bury 
their  bottles  of  wine  in  it,  covering  theiri 
Over  again  very  close.    Then  they  burn  straw 
or  reeds  over  the  place ;  and  when  the  fire  is 

out, 
•  Trans,  Abr.  vol.  viii.  p.  6^6^ 
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^ut,  they  dig  up  their  wine  as  cool  as  if  it 
had  been  put  into  the  coldest  water.  It  falls 
in  my  way  to  report  many  things  more  than 
I  have  leisure  to  trj,  and  some  which  are  ab- 
solutely out  of  my  reach ;  but  we  suppose 
that  philosopliers  in  general  have  proceeded 
with  such  circumspection  in  later  times,  as 
seldom  to  affirm  what  they  do  not  know,  or 
at  least  believe,  to  be  well  authenticated. 
Xhe  influence  of  an  extreme  cold  climate  0151 
the  magnetic  needle,  is  related  by  a  naviga*- 
tor*,  who  observed  it  when  his  vessel  was 
amidst  the  ice  in  Hudson's  Bay,  where  the 
property  of  the  needle  was  so  far  lost  or  de- 
stroyed, that  the  card  would  not  traverse  as 
usUal,  though  the  ship  was  in  a  coqsiderable 
motion.  The  like  was  observed  again  in  anr 
pther  season  ;  and  it  was  found  that  the  nee- 
dle recovered  its  proper  motion,  after  it  had 
been  kept  for  some  time  near  the  fire.  This 
could  not  happen  from  an  unusual  frictio^i 
on  account  of  the  freezing  of  oil  at  the  cenr 
tre,  because  they  never  used  any.  Indeed 
•  I  have  no  doubt  but  that  the  cold  was  the 
true  cause  of  this  phaenomenon,  many  ac;- 
counts  having  concurred  to  assure  us,  that 

z  3  magnetism 

•  Captain  Christ.  Middleton.    See  Pl^U  Trans.  Abr. 
^pl.  riii.  p.  74 1  • 
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magnetism  is  subject  td  unexpected  v^etitt 
and  interruptions.  Heat  in  well  ktidwti  t6 
have  the  effect  of  discharging  magnetism 
from  steel ;  and  it  is  by  no  means  unreason- 
able, that  cold  should  suspend  it,  by  coii- 
ntringing  the  pores  of  the  metal. 

The  principal  of  all  the  cold  ebullitions  is 
the  act  of  freezing.  When  water  is  con- 
gealed into  ice,  a  great  number  of  bubbles 
are  produced  in  it,  and  imprisoned  in  the 
.  body  of  the  ice,  where  they  are  distinguish- 
able to  the  sight  by  reason  of  the  transpa- 
rency of  the  substance ;  and  when  the  ice 
melts,  all  these  bubbles  are  discharged  atthi 
surface.  As  these  bubbles  are  produced  in 
the  act  of  freezing,  the  water  is  extended  in 
bulk  about  one-tenth  part,  and  with  such  a 
force  as  no  vessels  are  able  to  resist.  It  is 
on  this  account  that  ice  is  specifically  lighter 
than  water,  and  floats  with  one-tenth  part  of 
its  thickness  extant  above  the  water  that 
bears  it.  We  may  hence  infer  the  amazing 
thickness  of  ice  in  the  Northern  Seas,  when 
the  part  extant  above  the  surface  is  higher 
than  the  masts  of  the  tallest  vessels.  When 
a  tract  of  ice  is  spread  over  the  ground  very 
stroiig  and  massy,  and  other  ice  continues 
to  be  formed  underneath  it,  where  there  is 

not 
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not  room  for  its  extension,  as  in  the  Glaciere^ 
of  Switzerland,  the  ice  that  is  underneath 
expands  with  such  force  as  to  crack  and  rend 
the  superior  strata  with  violent  explosions, 
which  explosions  are  frequently  heard  in  the 
frosty  climates  of  the  polar  regions,  and  are 
sometimes  as  loud  as  a  cannon. 

The  expansive  force  of  ice  is  not  only  of 
eminent  use  in  nature,  as  we  shall  see  else- 
where, but  is  applied  on  several  occasions  td 
save  the  labour  of  man,  and  perform  such 
things  as  are  beyond  the  reach  of  art.  Blocks 
of  slate^stone,  which  are  formed  in  thiil 
plates  or  strata,  not  separable  by  a  tool,  arc 
taken  out  of  the  quarry,  and  exposed  fo  the 
rain,  which  soaking  into  the  pores  of  the 
stone,  is  there  frozen  into  ice ;  and  the  ice, 
by  its  extension,  separates  the  stone  in  those 
places  where  it  breaks  most  easily,  shivering 
it  into  plates  of  an  equable  thickness  through^ 
out,  and  proper  for  many  different  uses,  but 
especially  for  covering  the  rooft  of  buildings. 
In  the  iron  works,  when  they  want  to  break 
the  large  old  bomb-shells,  in  order  to  c^t 
them  over  again,  they  fill  them  with  water, 
and  fasten  up  the  vent,  then  expose  them  to 
the  frost,  which  bursts  them  to  pieces  with- 
out farther  trouble.     If  it  is  expected  that 

1 4  any 
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^ny  liquor  will  freeze,  and  we  wish  to  sq.vc 
the  vessel,  room  should  always  be  left  fof 
this  accidental  extension. 

It  has  been  imagined  that  the  bubbles  in 
frozen  water  are  bubbles  of  air ;  but  it  is  im- 
possible that  air,  within  such  paiTOw  dimen-: 
sions,  should  exert  such  a  force,  ^ii^less  we 
should  suppose  it  to  be  incredibly  condensed, 
which  it  is  not  by  g-ny  me^ns,  neither  ha? 
the  fluid  which  is  so  collected  the  properties 
of  air;  for  whpn  it  is  discharged  by  the 
melting  of  ice  in  vacuo,  it  has  no  effect  upon 
the  gage  of  an  air-pump.  And  beside?,  wa- 
t;er  purged  as  well  as  possible  of  its  air,  by 
being  first  boiled,  and  then  placed  for  many 
hours  in  vacuo^  will  yet  freeze  with  the  same 
collection  of  bvibbles,  and  with  the  same 
force  ;  therefore  it  is  not  air,  but  the  mattef 
of  fire  itself,  or  that  ether  which  is  conti- 
nually circulating  through  all  things,  which 
is  thus  collected  and  arrested  in  its  passage 
through  the  water,  when  it  13  consolidate4 
into  ice. 

I  thought  this  force  a  proper  object  of  in-r 
quiry,  and  made  some  experiments  upon  it, 
vhich  are  described  in  my  Essay  on  the  Prin-r 
piples  of  Natural  Philosophy  *.     Since  that; 


t  See  p.  ^52,  269, 
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I  have  applied  the  same  niachine,  which  shew3 
the  expanding  forcp  of  heat,  to  shew  this 
power  of  frost ;   and   it  may  be  examined 
very  commodiously  by  the  same  instrument, 
only  .with  the  additioi^  of  a  brass  boi^  and 
cover,  as  in  fig.  5  and  6  of  plate  II.  which 
represent  the  box  that  contains  the  water  to 
l^e  frozen,  with  another  lever,  to  be  substi- 
tuted for  L,  which  is  made  broad  at  the  end, 
to  support  a  vessel  with  a  freezing  mixture, 
including  the  box  of  water  with  its  bar,  to  - 
be  exposed  to  the  same  pressure  as  the  bar  A. 
Though  the  force  with  which  fire  expands 
Jtself  must  in  reason  be  less  as  its  heat  is  di- 
minished, yet  its  power  in  the  rarefactioqi  of 
jce  is  still  too  gre^it  to  be  completely  mea- 
sured by  this  instrument,   or  perhaps  by  any 
pther  of  the  kind,   though  I  think  the  sub- 
ject worth  pursuing.     From  the  foregoing 
observations  this  one  reflexion  is  obvious, 
and  will  be  more  so  when  we  come  to  the  ex- 
periments of  electricity,  that  light  and  fire 
may  have  powerful  effects  in  nature,  where 
they  give  po  sensible  heat,  because  it  ap- 
pears that  they  have  other   powers   beside 
fhat  of  agitating   bodies   with   heat ;    and, 
therefore,  the  light  of  the .  moon  and  stars 
jjiay  be  working  such  effects  as  we  little  un- 
derstand 
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derstand  or  think  of,  although  no  beat  is 
discoverable  in  their  rays. 


Miscellaneous  Observations  and  Experiments. 

That  I  may  not  be  too  tedious  by  drawing 
out  to  a  greater  length  a  subject  which  ia 
absolutely  inexhaustible,  I  shall  now  only 
throw  together  a  few  observations  and  expe^ 
riments,  which  it  might  be  improper  to  omit. 
'  1.  The  fire,  which,  in  the  act  of  boiling, 
overcomes  the  pressure  of  the  atmosphere, 
will  not  prevail  so  as  to  effect  the  same  thing 
in  a  second  included  vessel ;  by  which  it  is 
meant,  that  if  one  smaller  vessel  of  water 
be  placed  in  a  larger  vessel  of  water,  the  wa- 
ter will  never  acquire  a  boiling  heat  in  the 
interior  vessel,  though  it  boils  vehemently 
in  the  exterior.  It  enters  with  its  full  force 
through  the  bottom  of  that  vessel  which  is 
immediately  exposed  to  it,  but  having  once 
come  into  contact  with  the  water,  it  is  so 
far  checked  and  reduced,  that  it  cannot  e?:- 
ert  the  force  necessary  to  make  water  boil  in 
a  second  vessel.  This  agrees  with  what  we 
have  already  leafned  from  many  other  expe- 
riments, that  fire  is  an  actu^J  fluid,  resisted 
6  '  in 
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in  its  motions  according  to  the  plainest  me- 
chanical laws  like  air  or  water, 

2.  But  little  hath  as  yet  been  observed 
concerning  the  difference  of  bodies  with  re- 
spect to  the  conceiving  of  heat ;  for  some 
will  certainly  take  heat  much  sooner  than 
bthers,  and  on  some  the  same  cause  will  pro-^ 
duce  a  greater  effect.  Boiling  water  will  give 
more  heat  to  cold  mercury,  than  to  an  equal 
measure  of  cold  water ;  and  if  water  and 
mercury  are  placed  over  the  same  fire  in  equal 
vessels,  the  mercury  will  grow  hot  sooner 
than  the  water,  as  well  as  to  a  much  greater 
degree.  Air  takes  heat  the  quickest  of  all 
fluids,  then  mercury,  then  petroleum,  oil  of 
turpentine,  spirit  of  wine,  &c.  Oil  of  olives 
is  nearly  the  slowest  of  all,  which  is  rather 
extraordinary,  because  it  is  so  easily  affected 
with  cold,  that  a  much  less  cold  will  congeal 
it,  than  is  requisite  to  the  congelation  of 
water. 

In  the  conception  of  heat  from  the  rays  of 
the  sun,  much  depends  on  the  surface  of  bo- 
dies; they  that  reflect  much  light  imbibe 
heat  slowly,  so  that  the  same  body,  when 
polished,  is  heated  with  more  difficulty  than 
jvhen  it  is  rough.    But  the  most  considerable 

difference 
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difference  of  all,  is  from  the  colour  of  the 
surface.  It  is  the  property  of  white  bodies 
to  reflect  light,  and  of  black  ones  to  admit 
or  absorb  it ;  therefore  black  bodies  are  found 
to  grow  very  hot,  when  white  ones,  in  the 
same  situation,  are  but  little  affected.  For 
this  reason,  white  clothes,  vhatevjer  their 
substance  may  be,  ar^  always  found  cooler 
than  black  ones  of  the  same  texture ;  and  if 
.the  \Yall  at  the  back  of  a  fruit  tree  is  painted 
partly  .white  and  partly  black,  the  fruit  on 
the  black  part  will  be  forwarder  than  th? 
other.  Dense  bodies  have  also  the  advanr 
tage  of  rare  ones :  lead  painted  black  will 
take  more  heat  from  the  sun,  than  wood  of 
the  same  colour ;  therefore,  when  the  denr 
sity  of  the  matter  and  the  colour  of  the  surr 
face  both  conspire  together,  the  reception  of  ^ 
heat  is  the  greatest  of  all.  The  difference 
occasioned  by  the  colours  of  surfaces  is 
greater  than  would  be  expected.  I  exposed 
the  ball  of  a  mercurial  thermometer  to  the  suu, 
and  found  that  the  heat  received  from  the 
sun  exceeded  that  of  the  shaded  air  by  27 
degrees  ;  then  1  painted  the  ball  of  the  same 
thermometer  with  a  thick  coat  of  Indian  ink, 
sprinkling  it  over  while  it  was  wet  with  spotj 

and 
5^ 


Causes  of  Cold.  5'4$f 

slhd  having  exposed  it,  I  foiind  that  it  re-^ 
ceived  20  degrees  more  *. 

3.  Having  said  thus  much  on  the  reeep* 
tion  and  retention  of  fire  in  bodies,  under 
the  form  of  heat,  it  may  not  be  amiss  to  add, 
that  fire  is  also  retained  in  many  bodies  under 
the  form  of  light,  of  which  some  very  un- 
expected instances  have  been  discovered'  by 
experiment.  There  is  a  curious  paper  on 
this  subject  in  the  Philosophical  Transac- 
tions, extracted  by  the  ingenious  Dr.  Watson, 
from  a  Latin  treatise  published  at  Bolognia, 
by  Beccarius.  '  It  is  the  new  doctrine  of  this 
learned  person,  that  fire  adheres  to  bodies  iii 
the  form  of  light,  as  well  as  in  that  of  heat; 
that  it  is  actually  permanent  and  visible  with- 
in them  ;  and  that  the  particles  of  light  thus 
adhering,  are  the  causes  of  odours.  A  very- 
weak  light  can  be  visible  to  the  eye  only  ia 
very  great  darkness.  When  the  sun  is  in 
the  meridian,  the  moon  and  stars  are  totally 
obscured;  and  yet  when  that  superior  light 
is  withdrawn,    how  plainly  the   moon  and 

stars 

♦  I  have  just  now  tried  this,  May  20,  1776»  Th« 
shaded  air  at  a  north  window  was  Q\^  \  the  sunshine  upoA 
the  glass  ball,  with  the  white  mercury,  88 ;  the  same  on  the 
ball  made  black  with  Indian  ink  and  soot^  X08»  I  wisk 
this  were  tried  upon  all  the  colours. 
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sUrs  appear  to  us*     Art  will  pr0duc0  $,  Ai^ 
gree  of  darkness  far  exceeding  that  of  thf 
j)ight  from  the  absence  of  the  sun,  and  in 
«uch  darkness  the  weakest  Hight  that  c^i^  be 
will  become  visible.     Therdfore,  to  judge  of 
the  illumination  retained  by  various  bodies^ 
when  brought  from  the  fire  or  the  aimsbinei 
our  philosopher  inclosed  himself  ii^  a  bo3( 
somewhat  like  a  sedan  chair,  but  made  so 
close  as  to  be  absolutely  dark  within,  ye( 
with  a  convenience  for  delivering  or  receiving 
any  matters  he  wanted  to  examine,  without 
admitting  any  light  to  interrupt  his  observs- 
tions.     To  take  off  all  the  impressions  of 
former  vision,  he  remained  in  this  situation 
for  half  an  hour,  till  the  pupil  of  his  eye  was 
opened  to  its  greatest  dimensions,  and  there- 
by in  readiness  for  a  critical  inspection  of 
the  smallest  degrees  of  illumination.   A  piec^ 
of  writing  paper  exposed  tp  the  heat  of  * 
naked  lire,  by  being  laid  vpon  an  iron  ^rate, 
(or  gridiron, )  yet  not  so  near  as  to  scorch  it, 
was  handed  in  to  hini,  and  when  he  examined 
it,  he  found  it  luminous,  and  withal  so  dis- 
tinguished  into  lights  and  shades,    that  he 
could  discern  the  marks  of  the  grate,  where 
the  bars  had  intercepted  the  fire.     When  the 
paper  had  been  otherwise  heated,  by  being 

applied 
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^>plied  to  an  hot  plate  of  brass,  somewhat  less 
than  the  paper  itself,  he  could  distinguish, 
by  its  being  less  luminous,  the  margin  of 
the  paper  which  had  not  been  iqi  contact 
with  the  plate.     He  found  that  many  cal- 
cined substances  visibly  retain  some  of  the 
light  they  receive  in  their  calcination.  Some 
calcined  bodies  are  perpetually  luminous: 
while  such  as  are  only  torrefied  retain  their 
light  but  for  a  time;  some  for  a  few  days, 
some  for  hours,  and  others  only  for  a  few  . 
minutes.     A  body,  as  tutty  for  instance, 
with  one  side  rough  and  the  other  polished, 
'  was  luminous  on  the  rough  side,  and  not  on 
the  polished ;  the  same  Avas  observed  in  po- 
lished marble:  whence  it  appears  that  bodies 
retain  light  most  where  they  reflect  it  least ;  ^ 
which  agrees  with  what  we  observed  a  while 
ago,  concerning  the  receptioa  of  heat  from 
the  rays  of  the  sun. 

Many  transparent  bodies,  as  glass,  crystal, 
gems,  in  which  we  should  expect  this  facul- 
ty in  a  greater  degree,  do  not  appear  to  have 
it  at  all ;  and  perhaps  the  same  texture 
which  binders  them  from  being  electrified, 
renders  them  also  incapable  of  permanent  il- 
lumination. Of  diamonds  indeed  some  were 
found  luminous  in  the  dark>   others  not, 

withoat 
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lYithout  aiiy  visible  reason  for  the  diffeveticHi 
However,  upon  the  tvhole,  this  retention  ot 
light  is  much  more  general  than  we  should 
have  imagined,  and  the  world  i6  stocked 
with  a  variety  of^  occasional  phosphori,  frorfi 
which  light  is  insensibly  evaporating',  wher6 
we  should  never  have  looked  fpr  it,  nor  could 
possibly  have  detected  it  without  tliiS  subtiB 
mod^  of  examination. 

To  these  observations  of  BficCarius  I  can^ 
not  help  adding  an  experiment  which  wa5 
shewn  to  me  by  two  very  ingehious  electri- 
cians*. A  calcined  substance,  nearly  of  kii 
to  the  lapis  Bononiensisf  and  the  calxes  ex- 
amined by  Beccarius,  retained  a  very  distin- 
guishable light  for  near  a  quarter  of  an  hout 
after  it  had  received  upon  it  a  very  strong 
electric  explosion.  We  have  therefore  the 
same  phosphorous  appearance  iii  calcariouS 

bodies 

*  Mr.  Henley,  F.  R.  S.  and  Mr.  Canton. 

+  I  have  inquired  after  the  preparation  which  goes  by  thii 
name,  and  cannot  meet  with  any  account  of  it.  In  the  Phi- 
losophical Transactions,  N°  21,  p^  3 75,  it  is  observed,  that 
**  though  several  persons  have  pretended  to  know  the  art  of 
**  preparing  and  calcining  the  Bononian  stone,  for  keeping  a 
**  while  the  light  once  imbibed  ;  yet  there  hath  been  indeed 
"  but  one  who  had  the  true  secret  of  performing  it.  This 
**  was  an  ecclesiastic,  who  is  no^  dead,  without  having 
"  left  that  skill  of  his  to  any  one." 
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bodies  excited  by  the  rays  of  the  sun,  by  a 
culinary  fire,  and  by  the  matter  of  the  elec-' 
trie  explosion. 

4.  In  the  experiments  relating  to  the  scale 
of  heat,  as  above  described,  fire  appears  to 
diffuse  the  prismatic  colours  over  an  heated 
bar  of  metal :  on  M^hich  account,  those  ex- 
periments belong  to  the  science  of  optics, 
which  is  not  now  before  us.  I  shall  however 
observe,  by  the  way,  that  those  prismatic  co- 
lours proceed  from  the  sulphur  or  phlogiston 
of  the  metal,  which  the  fire  expels  to  the 
surface,  where  it  settles  in  the  form  of  an 
exceeding  thin  coat  or  plate  ;  and  this  plate 
reflects  such  a  particular  order  of  rays  as  are 
suitable  to  its  degree  of  thinness.  It  will  be 
more  or  less  thin,  in  proportion  to  the  sub- 
tilty  of  the  matter  expelled ;  and  as  the  finer 
parts  will  always  be  expelled  first,  we  shall 
have  the  colours  of  red  and  yellow  with  the 
lesser  heats,  and  blue  with  the  greater.  An 
ingenious  writer  (Edward  Hussey  Delaval, 
esq.)  who,  with  much  learning  and  philoso- 
phical penetration,  has  of  late  prosecuted 
those  experiments  of  Sir  Isaac  Newton,  which 
,  shew  that  colours  are  exhibited  by  very  thin 
plates  of  pellucid  media,  has  discovered,  that 
all  metals,  when  perfectly  dissolved,  commu- 

voL.  jx,  A  A  nicate 
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nicate  the  prismatic  colours  to  glaas  in  tlie 
exact  order  of  their  densities ; 

Gold Red. 

Lead t Orange, 

Silver f  -Yellow, 

Copper  •  f ......  ^  • ... .  Green. 

Iron t    Blue. 

To  account  for  the  experiments  made  by 

Beccaria,  it  may  be  considered,  that  as  m 

heated  iron,  which  is  dark  by  day-light,  ap-. 

pears  red  and  fiery  when  carried  into  a  daric 

room,  having  acquired  but  a  part  of  that  ig^ 

nition  which  at  length  renders  it  luminoiui 

in  the  sunshine ;  so  other  bodiea  are  papabid 

of  an  incipient  ignition,  which  is  perceptible 

to  the  eye  in  artificial  darkness :  and  it  i9 

this  incipient  ignition  which  brings  them 

under  the  denomination  of  phosphori.     It  i^ 

remarkable  that  a  degree  of  light  is  discerns 

ible  in  hpated  qil,   when  viewed  in  such  a 

dark  medium :  and  that  even  cold  water  does 

not  immediately  extinguish  the  light  imbibed 

by  sugar,  gum,  paper,  glu^,  &c.    Mr^  WiU 

son,  F.  R.  S.  who  has  bestowed  much  labour 

on  experiments   of  this  kind,   observed  a 

very  extraordinary  example  of  illumination 

in  oyster-shells  calcined  for  an  hour  or  two 

in  a  n^ked  coal  fiye;  which,  when  the  outer 

dirty 
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dirty  coat  was  scaled  off,  shewed  all  the  pris- 
matic colours,  more  vivid  and  glorious,  as 
the  author  relates,  than  those  of  the  rainbov 
itself.  For  many  other  curious  particulars, 
I  must  refer  the  reader  to  the  two  treatises 
of  Mr.  Delaval  and  Mr.  Wilson, 

5.  In  this  miscellaneous  collection  I  should 
introduce  the  phaenomenon  of  the  Lachrym© 
Batavicas  or  glass  drops,  as  being  of  good 
use  to  illustrate  the  doctrine  of  fire;  but 
having  spoken  of  them  particularly  in  ano- 
ther work*,  I  have  the  less  to  say  in  this 
place,  Mons.  Le  Cat,  of  the  Academy  of 
Paris,  considered  these  bodies  with  great  at- 
tention, and  has  many  curious  observations 
in  his  paper  upon  the  subject  f.  If  the  rea- 
der will  be  pleased  to  compare  his  solution 
with  mine,  he  will  find  that  we  differ  in  the 
direction  of  the  matter  which  occasions  the 
explosion:  he  supposing  it  to  come  out  of 
the  glass,  and  I  supposing  it  (as  I  humbly 
think  for  better  reasons)  to  enter  into  it. 
Indeed  I  cannot  possibly  see  why  there 
jihould  be  any  explosion  at  all  upon  his  prin- 
A  A  g  ciple : 

♦  See  an  Essay  on  the  First  Principles  of  Natural  Philo. 
sophy^  p«  157. 

+  Phil.  Trans.  Abr.  vol.  x.  p.  56o. 
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ciple:  the  fire  was  in  an  expansive  state,  and 
wanted  more  room,  when  the  drop  was  red- 
hot  in  a  liquid  state :  but  as  soon  as  it  was 
cold  and  solid,  the  contrary  must  ha\^c  hap- 
pened; so  that  the  medium,  instead  of  having 
too  little  room,  has  too  much  for  the  state 
it  is  in;  and  the  great  difficulty  with  which 
the  surface  is  parted  in  breaking,  far  beyond 
what  happens  in  other  glass  of  the  same 
magnitude,  is  a  proof  that  there  is  a  violent 
pressure  upon  the  surface  from  a  niedium 
which  is  ready  to  enter  as  soon  as  the  way  is 
opened;  whereas,  if  the  effect  proceeded  from 
a  medium  which  makes  an  effort  from  with^- 
in,  it  would  assist  in  the  fracture,  and  make 
this  glass  break  more  easily  than  ^ny  other 
of  the  same  size, 

6,  As  fire  is  more  moveable  in  its  nature 
than  any  other  matter,  any  extraordinary 
motion  once  excited  in  it,  or  impressed  upon 
it,  will  continue  for  a  long  time.  The  rays 
of  light  which  impinge  upon  a  polished  sur- 
face, will  go  off  according  to  the  angle  of 
their  incidence  with  the  same  velocity  to 
another  surface,  and  thence  to  another,  in- 
somuch that  if  a  thousand  mirrors  were  pro^ 
perly  placed,  the  image  of  the  sun  would  be 
received  and  communicated  from  the  first  to 

the 
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the  last  in  a  moment  of  time,  provided  the 
materials  of  the  specula  were  so  perfect  as  to  , 
permit  none  of  the  rays  to  be  dissipated  and 
lost  in  their  passage.  When  bodies  are  agi- 
tated with  heat,  the  vibratory  motion  conti- 
nues very  long,  and  is  at  last  reduced,  on  thi$ 
principle,  that  the  adjacent  element  which 
surrounds  it  mixes  with  it,  as  the  fire  of  theJ 
excited  body  in  its  turn  also  mixes  with  that, 
till  both  are  brought  to  a  state  of  equality : 
for  it  is  the  general  effort  of  nature,  in  all  its 
parts,  to  bring  things  to  an  equilibrium ;  and 
sometimes  it  is  very  long  before  this  happens. 
In  bodies  of  a  small  bulk  and  porous  sub- 
stance it  is  soon  effected;  but  where  the  sub- 
stance is  close  and  heavy,  and  the  bulk  very 
great,  the  heat  which  is  once  excited  is  long 
retained,  because  it  lies  deep,  and  is  there- 
fore less  exposed  to  the  circumambient  me- 
dium ;  on  which  account  it  is  manifestly  Or-» 
dained  in  the  animal  frame,  that  the  principle 
of  vital  motion  is  placed  in  the  centre  of  the 
body ;  and  the  arteries,  which  take  the  lead 
in  the  circulation,  are  every  where  removed 
to  a  distance  from  the  surface. 

Many  experiments  might  be  made  to  de- 
termine in  what  proportion  bodies  part  with 
their  heat  according  to  their  several  .magni-^ 
A  A  3  tudes« 
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tudes.  it  ha*  been  shewn,  that  tfiey  part 
with  it  more  slowly  than  tney  receive  it ;  and 
with  respect  to  their  weight  and  their  figure, 
those  bodies  will  retain  their  heat  the  longest, 
which  if  projected  through  the  air  would  re- 
tain theii  motion  longest:  and  these  are  such* 
as  have  most  weight  under  the  least  surface. 
If  a  sphere  of  iron  as  large  as  the  globe  df 
this  earth  were  well  ignited,  it  would  cer- 
tainly be  very,  many  years  in  cooling;  for 
even  the  lava  of  Vesuvius,  after  it  has  been 
exposed  for  half  a  year  to  the  air,  will  imnoe* 
diately  convert  into  vapour  the  rain  that  falls 
upon  it*.  But  then  we  must  take  this  into 
the  account,  that  much  will  always  depend 
on  the  nature  of  the  surrounding  medium ; 
because  br^dies  part  with  their  heat  much 
faster  in  vacuo  than  in  the  air,  which  serves 
to  suppress  and  retain  that  fire  which  would 
otherwise  evaporate.  In  the  pure  spaces  of 
the  heavens,  supposing  there  is  no  superficial 

pressure 

*  A,  mass  of  lava  two  hundred  feet  deep  and  a  hundred 
feet  broad,  which  was  discharged  in  the  eruption  of  1767» 
was  examined  by  Sir  W^illiam  Hamilton  in  April  1 77 1>  who 
thrust  sticks  into  some  crevices  of  this  lava^  where  they  im- 
mediarely  took  fire.  On  Mount  iEtna  it  was  also  observed 
that  the  lava  of  1766  smoked  in  many  parts  in  1769.  See 
Observations  on  Vesuvius,  Min^,  8cc,  p.  S6. 
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pressure  there,  or  at  least  very  little  com- 
pared with  what  we  find  upon  the  surface  of 
the  earth,  the  greatest  imaginable  heat  will 
transpire  in  a  much  shorter  time  than  it 
would  here  upon  eatth.  Sir  Isaac  Newton 
delivers  it  as  a  rule  in  the  cooling  of  all  bo- 
dies, that  if  the  times  of  their  cooling  are 
taken  in  an  arithmetical  progression,  the 
heats  will  decrease  in  a  geometrical  one;  on 
which  principle  he  constructed  a  scale  of 
heat,  from  observations  taken  with  the 
greatest  possible  accuracy.  But  to  go  on 
with  the  mobility  of  fire :  in  electric  experi- 
ments, when  the  fire  is  once  excited  to  an 
unusual  motion  in  an  electrised  glass,  it  will 
continue  flashing  of  itself  at  intervals  for  a 
considerable  time.  The  like  happens  when 
the  parts  of  a  sonorous  body  are  put  into  a 
tremor;  the  symptoms  of  which  continue 
long  if  the  body  is  large  and  the  stroke  for- 
cible. The  sound  is  conveyed  to  the  senses 
by  the  air;  but  the  medium  which  agitates 
the  parts  of  the  sounding  body  is  the  same 
that  agitates  bodies  with  heat,  though  the 
vibratory  motion  of  sound  is  of  a  different 
quality  from  that  of  heat.  From  these  seve- 
ral instances,  which  are  perfectly  distin- 
guished from  each  other  in  their  kind,  it  is 
A  A  4  obvious, 
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obvious,  that  when  motion  is  observed  to 
continue  in  any  bodies  whatsoever,  that  mo- 
tion is  no  more  than  the  consequence  of 
another  motion  that  has  taken  place  in  the 
element  of  fire,  which  alone  has  perfect  mo- 
bility. 

7.  If  we  attempt  to  compute  the  heat  of 
bodies  placed  at  different  distances  from  the 
sun  in  the  heavens,  we  are  at  a  loss  for  data 
to  proceed  upon,  becavise  the  case  is  very 
complicated,  and  depends  upon  the  concur- 
rence of  many  circumstances.  When  the 
surface  of  the  earth  is  very  hot  in  the  sum- 
mer with  the  sun's  rays,  this  depends  on  se- 
veral ch-cumstances,  but  chiefly  on  the  den- 
sity of  the  air  which  re-acts  upon  the  light. 
When  we  ascend  to  a  lighter  air  at  a  distance 
from  the  surface,  the  heat  of  the  earth,  even 
under  the  equinoctial,  is  not  sufficient  to 
melt  the  snow  that  lies  uppn  it.  At  the  per- 
pendicular height  of  one  mile,  it  is  gene- 
rally found  tliat  the  snow  continues  through 
the  whole  year ;  and  if  it  were  known  in 
what  ratio  the  heat  decreases  as  we  recede 
from  the  earth,  it  would  be  easy  to  compute 
at  what  height  in  the  atmosphere  mercury 
would  be  frozen.  Where  the  re-action  is 
wanting   from   a   superficial   pressure,   but 

little 
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little  effect  can  be  expected  from  the  rays  of 
the  sun.  This  leads  us  directly  to  another 
speculation  ;  that  as  it  appears  from  the  ob- 
servations we  make  on  the  instantaneous  oc- 
cultation  of  the  fixt  stars  by  the  moon,  that 
this  planet  has  no  atmosphere,  it  is  not  pro- 
bable that  her  orb  conceives  any  heat  from 
h€r  illumination,  but  rather  that  an  intense 
coldness  prevails  in  it,  such  a&  the  condition 
of  this  earth  can  give  us  no  conception  of; 
a  coldness  farther  below  the  cypher  of  Fah- 
renheit, than  tl>€  fire  of  a  glass-house  is 
above  it.  What  influence  the  rays  of  the 
moon  on  this  consideration  may  have  in  tem^ 
pering  and  modifying  the  fire  of  the  earth'is 
atmosphere,  may  be  a  matter  worthy  of  some 
meditation. 

8.  The  effects  of  the  solar  rays,  when 
collected  to  a  focus  by  mirrors  and  glasses 
of  very  great  power,  are  too  curious  to  be 
passed  over  in  silence.  Two  noble  instru- 
ments of  different  kinds  were  made  for  this 
purpose,  the  one  a  concave  metallic  mirror 
by  the  Villettes,  of  Lyons,  in  France,  three 
feet  seven  inches  in  diameter ;  the  other  a 
dioptric  burning-glass,  nearly  of  the  same 
size,  by  Tschirnhaus.  It  is  only  by  means 
of  th^se  instruments  that  we  are  made  ac- 
quainted 
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quainted  With  the '  utmost  efTects  of  firA 
The  area  of  Villette's  mirror  is  said  to  be  up-* 
wards  of  7000  times  as  gi'eat  as  the  focus ; 
«o  that  if  all  the  parallel  rays  that  fall  on  the 
speculum  were  collected  perfectly  into  the 
focus,  and  the  increase  of  the  heat  is  sup" 
posed  to  be -as  the  density  of  the  rays,  the 
heat  of  the  focus  must  then  be  7000  times  ai 
great  as  the  heat  of  the  parallel  rays.  But 
many  abatements  are  here  to  be  made  ;  firsti 
on  account  of  the  imperfection  of  the  figure 
of  the  mirror,  which  is  part  of  a  sphere» 
whereby  many  of  the  rays  do  not  coincide 
with  the  right  focus  j  secondly,  of  the  me- 
tal, by  the  pOres  of  which  many  rays  are  ab- 
sorbed ;  thirdly,  on  account  of  the  minute 
asperities  in  the  polishing,  which  occasion  a 
multitude  of  irregular  reflexions  ;  fourthly, 
the  interruption,  whatever  it  may  be,  which 
the  reflected  rays  meet  with,  by  interfering 
with  the  direct  rays  in  the  same  space;  and 
lastly,  which  is  the  greatest  consideration  of 
all,  the  coldness  of  the  surrounding  medium 
in  which  a  fire  of  so  small  dimensions  is  sup- 
ported. If  on  all  these  accounts  we  take 
only  the  half  of  7000,  and  suppose  that  the 
.sun's  rays  add  only  30  degrees  of  heat  to  the 
temperature  of  the  atmosphere,  we  shall  then 
2  have 
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have  above  ah  hundred  thousand  degrees  of 
heat  in  the  focus,  which  is  upwards  of  thirty 
times  as  much  heat  as  we  find  in  melted  iron, 
taking  it  at  something  more  than  3000  de- 
grees  above  the  cold  of  Iceland.     If  this 
calculation,    or  any  thing  like  to  it,  doe» 
really  take  place  in  Villette's  mirror,  it  is  not 
to  be  wondered  at  that  such  surprising  effects 
are  produced  by  it.     Monsieur  Buffon,  with 
his  plane  specula,  which  increased  the  heat 
of  the  sun  but  1 40  times,  if  so  much,  could 
melt  silver  at  a  great  distance ;  but  then  he 
bad  a  very  considerable  advantage  from  the 
magnitude  of  his  focus,  a  larger  quantity  of 
fire  having  certainly  more  power  than  a  smal- 
ler foi'  very  obvious  reasons,  particularly  be- 
cause the  centre  of  it  is  better  guarded,  and 
consequently  less  interrupted  by  the  penetra*' 
tion  of  the  surroimding  atmospherical  cold. 
The  dioptric  glass  of  Tschirnhaus  being 
the  most  convenient  that  ever  was  applied 
to  the  purpose  of  burning,  and  nearly  of  the 
same  power  with  the  great  concave  speculum 
above  mentioned,  I  shall  recite  the  principal 
effects  of  that,  as  they  are  delivered  in  the 
Memoirs  of  the  Royal  Academy  tor  the  year 
1699. 

!•  Every 
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.  1 .  Every  sort  of  wood,  whether  hard  of 
green,  or  soaked  in  water,  catches  fire  in  a 
moment. 

2.  Iron,  in  thin  plates,  grows  red  in  a 
moment,  and  melts- 

3.  Tiles,  slates,  and  all  manner  of  earth* 
grow  red  in  a  moment,  and  vitrify* 

4.  Sulphur,  pitch,  and  all  resinous  bodies 
melt  under  water, 

5.  Fir  wood  exposed  to  the  focus  under 
water,  seems  not  to  be  changed ;  but  when 
broken,  its  inside  is  found  burnt  to  a  coaL 

6.  If  a  cavity  is  made  in  a  coal  of  hard 
wood,  and  the  substance  to  be  acted  upon 
are  put  into  it,  the  effect  is  infinitely  more 
violent ;  [because  the  quantity  of  fire  is 
thereby  increased,  and  the  exposed  body  is 
guarded  from  the  cold  of  the  atmosphere.] 

7.  Any  metal  whatsoever  thus  inclosed  in 
the  cavity  of  a  piece  of  charcoal,  melts  in 
a  moment,  and  the  fire  sparkles  as  in  a  forge* 
Some  metals,  kept  thus  in  fusion,  fly  quite 
away. 

8.  The  ashes  of  wood,  herbs,  paper,  linen, 
and  all  vegetable  substances,  turn  toatrans^ 
pare?;t  glass  in  a  moment. 

9.  The  bodies  most  difficult  to  be  wrought 

upon> 
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upon,  are  white  substances,  which  remain 
white  in  melting,  such,  as  flint,  English 
chalk,  lime,  &c. 

10.  All  metals  vitrify  on  a  China  plate, 
provided  the  plate  itself  is  so  thick  as  not 
to  melt,  and  the  fire  is  communicated  by 
degrees. 

11.  When  a  little  copper  is  melted  in  this 
manner,  and  thrown  quickly  into  cold  wa» 
ter,  it  produces  so  violent  a  shock,  that  the 
strongest  earthen  vessels  break,  and  the 
copper  is  dissipated,  so  that  not  the  least 
grain  of  it  can  be  found  *• 

12.  Some  bodies,  when  first  vitrified,  arc 
as  transparent  as  crystal ;  but  when  cold, 
become  white  as  milk,  and  opake :  while 
others,  which  are  opake  in  fusion,  become 
finely  transparent  when  cold. 

13.  Bodies  which  change  into  a  transpa- 
rent glass,  become  much  more  beautiful 
if  they  are  continued  for  some  time  in  the 

focus, 

14.  The 

^  When  they  cast  plates  of  copper  at  a  foundery,  they 
gre  obliged  to  ufe  fuch  precaution,  that  when  the  moulds,  be* 
twixt  which  the  plates  are  to  be  cast,  have  been  well  dried 
^nd  heated,  they  wrap  them  round  with  blankets  to  prevent 
the  access  of  any  moisture ;  the  smallest  vapour  of  which 
would  not  only  dissipate  the  metal  to  atoms,  but  blow  up  the 
works;  and  overturn  even  the  house  itself. 
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14.  The  rays  of  the  moon,  when  concen*' 
trated  either  by  this  glass,  or  Villette's  spe- 
culum, give  no  sensible  heat;  though  the 
light  is  so  vivid  as  to  darzle  the  eyes. 

15^  It  was  observed  of  the  metallic  mirror^ 
that  it  alurays  burns  most  iiitensely  in  cold 
weather,  and  becomes  weak  when  the  wca^ 
tlier  is  violently  hot  It  is  also  much 
weakened  when  the  rays  pass  to  the  focus 
through  the  fumes  of  charcoal.  The  reaaoi 
seems  to  be  the  same  in  both  coses,  the  solar 
,  rays  being  disturbed  in  their  direction  by  the 
agitations  of  elementary  fire;  on  which  somp 
observations  have  been  made  in  a  former  part 
of  this  discourse. 

The  Philological  Consideration  of  Fire. 

After  the  preceding  experimental  inquiry 
into  the  nature  of  fire,  it  may  not  be  amiss 
to  step  beyond  the  limits  of  natural  philoso* 
phy,  into  the  philological  history  of  fire,  both 
profane  and  sacred..  The  learned  reader 
may  here  find  some  amusement ;  but  if  any 
should  think  himself  uninterested  in  this  part 
of  our  subject,  he  may  pass  on,  if  he  pleases, 
to  the  next  physical  discourse  upon  the  na- 
ture of  air. 

An 
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An  agent  of  such  importance  as  fire  to* 
ward  the  government  of  the  natural  world, 
and  of  such  use  in  all  the  concerns  of  life, 
must  needs   have   attracted   the.  notice  of 
mankind,  and  driven  them  into  many  spc-* 
culations  of  different   sorts.     We   find  ac-» 
cordingly  that  the  ancient  Heathens,   par-^ 
ticularly  the  Pythagoreai;is,  Platonists,  and 
Stoics,  not  only  admitted  it  into  their  phi-^ 
losophy,    filling  the  universe  with  its  sub* 
stance,  and  deducing  from  it  all  the  greatest 
effects  in  nature,  but  they  were  so  struck 
with  the  powers  and  uses  of  it  in  the  world, 
that  they  even  paid  divine  honours  to  it 
AU  the  parts  of  nature  were  deified  by  the 
most  ancient  theology  of  heathenism ;  but 
pf  all  that  were  advanced  to  this  dignity,  fir* 
was  the  principal.     Among  the  Romans  we 
^nd  it  so  early  as  the  days  of  Numa,  whose 
Greek  and  Latin  volumes,   which  were  de? 
Utroyed,  are  reported  to  have  contained  many 
wonderful  secrets  in  philosophy  and  divinity; 
and  Numa  himself' is  supposed,  with  good 
reason,  to  have  derived  his  doctrines  from 
the  same  fountain  as  Pythagoras  did  afterr 
wards ;  but,  however  this  might  be,  we  are 
sure  the  Greeks  had  this  worship  of  fire  be-* 

fore 
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fore  the  days  of  Numa  *.  He  built  a  tem- 
ple of  an  orbicular  form,  to  represent,  as 
Plutarch  interprets,  the  system  of  the  hea- 
vens ;  which  temple  was  the  conservatory  of 
an  holy  and  perpetual  fire,  kindled  at  first 
by  the  reflexions  of  the  sun  beams,  and 
placed  in  the  centre  of  the  building,  as  the 
astronomy  of  that  early  time  placed  the  sun 
in  the  centre  of  the  world ;  and  from  them 
the  doctrine  was  revived  of  late  times  by  Cu- 
sanus  and  Copernicus. 

The  Vesta  of  the  Romans  was  no  other 
than  the  element  of  fire ;  the  same  with  the 
Epa  of  the  Greeks,  which  the  best  philolo- 
gists derive  from  the  Esh  of  the  Hebrews,  or 
NnU^N  ^f  ^^^  Chaldeans  and  PhoeniciaBs ; 
referring  also  the  H<peci^og,  Hephaestus,  of 
the  Greeks,  the  ApisandSerapisof  theEg)^)- 
tians,  to  the  same  original.  As  fire  is  the 
purest  body  in  nature,  its  worshippers  sup- 
posed it  ought  to  be  honoured  with  the  purest 
kind  of  devotion ;  with  which  view  the  fe- 
male votaries  of  this  deity  were  bound  to  in- 
violable chastity,  under  the  penalty  of  being 
buried  alive. 

According  to  the  late  system  of  the  learned 

Mr. 
♦  S^e  Plutarch,  in  Vit.  Numae. 
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Mr.  Bryant,  in  his  Mythology,  th€  worshipf 
of  fire  is  nearly  as  old  as  the  flood,  having 
been  first  propagated  by  the  posterity  of  Hain^ 
in  Egypt,  who  called  themsedves  AmmoniaoiSi 
and  carried  this  worship  of  fire  with  tbeat 
wherever  they  went,  introducing  the  same 
ritual  which  they  had  observed  in.  £gypt^ 
and  erecting  t\\tiv  purathday  or  Jire-tewpteSi 
in  all  their  settlements*.  Ploitarch confesses 
that  the  Romans,  in  the  days  of  Nuina,  bor<* 
rowed  their  worship  of  fire  from  th«  Qveeki 
at  Athens  and  Delphi.  From  the  Gi^ecksiwc 
may  trace  it  backwards  to  the  Ur  of  the  ChaU 
deans ;  on  which  the  learned  Glass^us  pc^ 
marks  t,  that  **  Ur  is  the  name  of  a  >citgr 
^^  wherein  the  sacred  fire  was  conservjed  and 
^*  worshipped  by  the  Chaldeans,  whence  it 
^' was  called  t/r,  which  otherwise  494gnifieft 
'  ^Jire.-'  Aiid  for  the  first  institution  of  this 
sacred  fire  among  the  Chaldeans,  we  must 
go  back  to  Nimrod,  of  whom  the  Alexan- 
drian Chronicon  writes,  ^'  the  Assyrians 
^^  called  Nimrod,  Ninus;  this  man  taught 
*'  the  Assyrians  to  worship  fire  X*^'  Mr.  Bry- 
VOL.  IX.  B  B  .ant 

♦  See  Bryant's  Mythdl.  vd.  ii.  p.  «# 
f  Phflol.  Sacr-  lib.  iv.  tract  3.  obs.  «. 

%  Auloy  Nivov  roy  Nsff w^'  0/  Aero-yp <  01  wf ocnjyopgua-ay 
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ant  derives  this  worship  from  the  soma  of 
Ham,  Cush,  and  Mizraim,  by  the  way  of 
Egypt ;  but  if  we  have  it  also  from  Nimrod 
and  the  Assyrians,  by  the  way  of  Babylon, 
it  is  pretty  plain  that  fire  was  the  primitive, 
or  at  least  the  principal  object  of  idolatrous 
worship,  and  common  to  all  idolaters  frbm 
the  first  apostacy  at  Babel. 

The  most  learned  interpreters  of  the  Hea- 
then Mythology,  among  the  Heathens  them- 
selves, agree  that  fire  is  the  object  to  be  un- 
derstood under  the  names  of  ihany  of  tibeir 
deities :  their  Jupiter,  though  generally  and 
more  properly  applied  to  the  air,  seems  to 
have  included  the  whole  expanse  of  fire  and 
air  in  the  heavens ;  according  to  these  words 
of  Ennius,  the  doctrine  of  which,  as  Cicero 
intimates,  was  universally  assented  to, 

^*  Aspice  hoc  sublime  caodens,  quern  invocant 
"  Omne$  Jovem  •."— — 

And  Juno,  by  whom  we  are  to  understand 
the  air,  was  connected  with  him  in  most  of 
his  operations.  They  supposed  him  to  be 
that  universal  fire  which  is  the  life  and  soul 
of  all  nature,  and  affirmed  that  the  human 
soul  is  nothing  more  than  a  part  of  the  same 
element:  from  which  doctrine,  jt  is  clear 

that 
"^  Cic.  de  Nat.  Deor.  lib.  ii«  cap.  2. 
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that  they  held  fire  to  be  a  living  and  iiitelli-^ 
gent  being,  which  indeed  is  expressed  with- 
out any  reserve  by  Hippocrates,  whoj  speak-^ 
ing  of  the  influences  of  this  element  in  the 
human  body,  attributes  to  it  mind  and  un^ 
derstanding  *  The  Stoics  supposed  God  to 
be  an  intelligent  fiery  substance^  extended 
through  the  world,  not  subsisting  Under  any 
ibrm,  but  capable  of  assuming  any  form  at 
pleasure ;  and  Cicero,  in  the  person  of  Bal- 
bus,  a  Stoic,  argues,  from  the  words  of  Plato^ 
that  the  celestial  ardor  or  fire  of  nature^ 
which  moves  all  things,  hath  its  own  motion 
from  itself,  and  consequently  must  have  life 
and  understanding,  without  which  there  can 
be  uo  such  thing  as  spontaneous  motion  f « 
B  B  2  By 

♦  Ey  rsTou  '^x^*  ^^^^*  (p^^^ttis*  Hippbc.  dc  tyvatU  l( 
the  elements  were  to  be  much  studied  and  understood  by  men 
of  a  particular  cast  of  mind,  it  would  not  be  very  surprisingi 
if  what  hath  happened  so  frequently  in  the  world,  should 
happen  again  at  the  revival  of  the  elementary  philosophy ;  I 
mean,  that  men  should  relapse  into  the  Stoical  opinion  of  the 
divinity  of  fire  :  And  to  con&tta  my  suspicion,  I  can  assure 
die  re^r  I  have  had  conversation  and  correspondence  with 
m  ingenious  man,  known  to  many  of  the  literati  in  Europe, 
who  pleaded  ^riously  for  the  actual  divinity  of  elementary 
lightj  and  exclaimed  in  Words  to  this  effect — Deus,  eug 
Deus  I'-^quii  qu^rimms  ultra  ? 

f  Qeoniain  ex  mutidi  aidore  motus  omnis  oritiir>  is  lutem 

ardor 
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By  the  fajbaloua  history  of  Vujcan,  the  ter-r 
i^estrial  wd  subterraneoiis  fire  \&  to  be  under^ 
stood  as  being  the  fabricator  of  %\\  those 
mineral  exhalations  which  mount  up  into  the 
slcy,  and  furnish  Jupiter  with  the  materiak 
for  his  thunder  and  lightning.  The  pure 
ethes'ial  fire  of  the  heaven*  iwtyf  Phurautiis*, 
is  Jupifaer ;  that  which  is  in  coimnim  use 
upon  earthy  and  which  h  instrumenjl;?!  iiai^e 
wiorks  of  art,  is  Vulpan,  whp  i*  reported  to 
have  fallen  fuom  heaven^  because  nifsfx  were 
imagined  to  have  ret^eived  the  Ajre  they  first 
9»ade  use  of  from  the  stroke  of  li^bitning; 
and  he  is  feigned  to  be  lame,  mid  walking 
with  a  stick,  because  culinary  fire  will  not 
continue  to  burn  without  sticks,  or  isome 
other  like  fuel,  to  support  it.  He  was  also 
called  Mulciber,  which  name  some  have  at- 
tempted to  derive  from  the  Latin ;  but  the 
learned  Turner  contends,  that  it  resolves  it- 
self naturally  into  the  two  words,  Melech 
AfiiR,  powerful  king  or  ruler ,  the  same  that 
was  worshipped  by  the  Ammonites  in  the 
East,  under  the  name  of  Moloi:h,  in  honour 

of 

ardor  non  alieno  impulsu,  sed  sul  sponte  movetur^  animus  sit 
necesse  est.  Cic.  ibid,  cap.  12. 
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erf  whom  ttey  made  th*&  clfiMifcn' j)«« 
through  the  fife,  soinetimei^  perhaps  t6  h6 
ptirified  and  consee^ated,  but  gen^Mlly  to  h6 
Sacrificed  and  burnt  to  death*. 

With  the  Persians  fire  was  an  object  of 
worship  from  the  earliest  times,  under  th^ 
names  of  Amanus  and  Mithras;  and  it  \i 
retained  a*  such  at  this  day  by  the  Geberrs 
or  Gaurs,  a  sect  of  Indian  philosophers,  who, 
near  the  city  of  Bak^,  where  there  is  a  spon- 
taneous fire  breaking  out  of  the  earth,  pay 
their  devotions  before  an  altar,  near  which  is 
z.  large  hollow  cane,  from  whose  end  a  blue 
fiame  issues,  in  colour  and  gentleness  not 
unlike  the  flame  of  a  lamp  that  bums  with 
BBS  spirits> 

*  Non  modo  traductos  sti  etiam  crematos  in  idoli  sacri. 
i^iuni  piieros  illos  constanter  aiffirmo.  Selden.  die  Diis  Syris 
Syntag*  i.  cap,  6.  Airammeltch^  mentioned  2  Kings  XYfk 
SK  iff  another  name  of  the  same  deity,. Adir  Mblech,  #:r- 
tellent  ktng  ;  and  he  was  served  with  the  same  cruel  rites  as 
Moloch,  the  Sepharvites,  who  bordered  upon  Persia,  being 
said  to  have  burnt  their  children  in  the  fire  to  him*  He  is 
xhentioned' in  company  with  two  other  powers  nearly  allied 
to  him,  Nergal  the  revolving  Kght,  and  Ash'tma  the  flow- 
ing fire.  **  We  cahceive-'  (saith  Fuller  in  his  Palestine) 
*'  this  Nergal  of  the  Cuthites  to  be  a  constant  fire,  vf  hich 
'*  they  adored  as  the  symbol  of  the  sun,  notoriously  known 
**  to  be  the  grand  deity  of  the  Persians,  * '  See  book  i  v ,  p.  134. 
See  also  the  leatned  Mr.  Parkhi^aft's  Hebrew  Lefxttoni  un. 
der  the  word  *pD, 
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spirits,  but  seemingly  more  pure.  They  wf 
it  has  continued  ever  since  the  flood,  and 
will  last  to  the  world's  end.  A  little  way 
from  the  temple  is  a  low  clift  of  a  rock,  in 
which  there  is  an  horizontal  gap,  two  feet 
from  the  ground,  near  six  long,  and  about 
three  broad,  from  whence  a  constant  flam^ 
issues,  of  the  colour  and  nature  already  de-* 
scribed,  When  the  wind  blows,^  it  sometimes 
rises  eight  feet  high,  but  much  lower  in  still 
weather.  They  do  not  perceive  that  the 
flame  makes  any  impression  on  the  rock^. 

Fire  hath  such  an  affinity  to  light,  that 
the  same  word  hath  sometimes  comprehended 
them  both.  The  Ur  of  the  Chaldeans  was 
fire ;  the  Horus  of  the  Egyptians  was  light: 
and  the  reason  is  plain ;  because  fire  and  light 
are  united  at  the  body  of  the  sun,  and  by 
him  diff\ised  over  the  world.  Therefore,  if 
we  consider  fire  as  it  resides  in  the  sun,  we 
shall  get  to  the  root  of  most  of  the  heathen 
mythologic  divinity.  So  universal  was  the 
attachment  to  this  fire,  that  Macrohius  un- 
dertook to  reduce  all  the  names  of  alLthe 
deities  in  the  known  world  to  the  one  object 
of  the  sun  and  its  attributes.    He  accounted 

on 

*  These  particulars  are  extracted  from  the  pioos  and  tndy 
[^triotic  Mr.  Hanway's  Travels. 
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on  the  same  principle  for  the  religious  vene* 
ration  that  was  paid  to  some  particular  ani- 
mals. When  idolaters  treated  animals  with 
such  divine  honours  as  seem  to  us  utterly 
unaccountable,  it  was  for  the  sake  of  some 
mystical  alliance  to  the  grand  objects  of 
their  devotion,  the  solar  fire  and  solar  light* 
Spotted  bulls,  red  cows,  yellow  lions,  white 
rams,  were  consecrated,  not  for  their  own 
sakes,  but  in  their  emblematic  capacity.  The 
apostacy  of  the  Israelites  in  the  Wilderness 
from  the  true  God  to  the  golden  calf,  was 
occasioned  by  a  prior  attachment  to  the  sa- 
cred rites  of  the  Egyptian  idolatry:  and  the 
calves  that  were  afterwards  set  up  in  Dan  and 
Bethel  were  probably  derived  from  the  same 
original.  The  votaries  of  fire  in  Persia  have 
a  particular  veneration  for  a  red  cow;  which 
would  be  an  instance  of  stupidity  below  bar- 
barism itself,  unless  it  proceeded  from  some 
idolatrous  accommodation  of  that  animal  to 
the  element  of  fire:  and  in  this  capacity,* 
even  the  onions  of  Egypt,  notwithstanding 
that  well-known  sarcasm  of  Juvenal*,  may 
be  made  sense  of  it,  if  their  several  involucra 
3  B  4  were 

♦  **  Porrum  aut  cepe  nefas  violare,  ac  frangere  morsu» 
f^  O  sanctas  gentes,  quibus  baec  Qascantor  in  hfVftii 
^^NuminaJ" ^^ 
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were  considered  as  emblematical  of  th^  iseve* 
fal  concentric  spheres^  in  the  solar  syst^n,  as 
som^  learned  men  have  very  ingeniotisly 
supposed*.     The  accommodation  of  the  sa- 
cred animals  to  the  properties  of  *he  solar 
fire,  is  so  learnedly  commented  upon  by  Ma- 
crobius,  that  I  shall  translate  some  of  his 
words  :    *^  The  Egyptians  consecrated  a  lion 
**  in  that  part  of  the  heavens  where  the  hieat 
^'  of  the  sun  is  most  powerful,  because  that 
**  animal  seems  to  derive  his  nature  from  the 
^'  sun,  excelling  all  other  creatures  in  fire 
*'  and  force,  as  the  sun  exceeds  the  other 
^'  lights  of  heaven.     His  eyes  likewise  are 
^^  bright  and  fiery,  as  the  sun  with  an  open 
*'  and  fiery  aspect  surveys  the  world.     The 
*^  Lybians  represented  their  Jupiter  Ham- 
^^  mon,  which  was  the  setting  sun,  with  the 
**  horn^  of  a  ram,  with  which  that  animal 
^^  exerts  its  strength  as  the  sun  acts  by  its 
*^  rays.     The  worship  of  Egypt  abundantly 
* '  shews  that  the  bull  is  to  be  referred  to  the 
**  sun  ;  which  is  plain  from  the  worship  of  a 
^^  bull  at  Heliopolis,  thecity  of  thesun;  and 
*^  of  the  bull  Apis  at  Memphis,  where  it  was 
-*  an  emblem  of  the  sun ;  and  of  the  other 

''  bull 

♦  Consult  the  Hebrew  Lexicon  of  Mr.  Parkhurst,  under 
the  word  Q^f . 
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*'  bull  called  Pacis,  cofnsect^ated  ifi  the  mag- 
**  nificent  temple  of  Apollo  at  Her munthis*. " 
The  celebrated  pyramids,  which  have  excited 
the  wonder  of  the  world,  and  are  so  ancienf 
that  the  niames  of  their  authors  are  buried  in 
oblivion,  seem  to  be  no  other  than  stupen-* 
dous  monuments  of  the  first  idolatry  of 
Egypt,  originally  erected  in  honour  of  fire, 
as  their  name  (a^o  t»  wv^og)  suggests,  as 
well  as  their  figure,  of  which  Ammianus 
Marcellinus  gives  this  account,  **  quia  figura 
**  in  acutum  desinens  ab  geometris  sic  ap- 
^*  pellatur  quod  in  morem  ignis  in  conum 

^'ingruat.'* 

*  Mgyfth  animal  consecrav^re  ei  cosli  parte  qo^  maximi 
anno  cursu  sol  valido  effervet  calore^  leonisque  inibi  signum 
domicilium  soils  appellant,  quia  id  animal  ridetur  ex  naturi 
soils  substantiam  ducere ;  priHiUmque  impetu  et  calore  prasstat 
'  animalia,  uti  prsestat  sol  sidera — idemque  oculis  patentibus 
atque  igneis  cernitur  semperi  ut  sol  paten  ti  igneoque  occdo 
ter nun  conspectu  perpetoo  atqae  infatigabili  cemit — Ideo  et 
Hammonem,  quern  Deum  solem  occidentem  Libyes  existi. 
inant>  arietinis  cornibus  fingunt,  quibus  maxim^  id  animal 
valet,  sicut  sol  radiis. — Taurum  vero  ad  solem  referri  mul- 
tiplici  ratione  -^gy ptius  cultus  ostendit  :  vel  quia  apud  He. 
liopolim  taurum  soli  consecratum,  quern  Ne ton  cognominant, 
maximd  colunt :  vel  quia  bos  Apis  in  civitate  Memphi,  solis 
instar,  excipitur  :  vel  quia  in  oppido  Hermunthi  magnifico 
Apollinis  templo,  consecratum  soli  colunt  taurum,  Pacin 
l^ognomfnantes*     Macrob»  Sat.  lib,  u  cap,  2 1  • 
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**  ingruat*."  In  the  ancient  diiicourse  of 
Timseus  the  Ix>crian,  the  author  delivers  it 
as  the  doctrine  of  the  most  early  philoso- 
pher$^  that  the  particles  of  fire  are  of  a  pyra- 
midal form,  And  penetrate  all  other  bodies  in 
consequence  of  it.  This  notion  is  of  such 
high  antiquity,  that  the  word  pyramis  was 
probably  a  recognition  of  it ;  and  if  it  pre- 
vailed where  the  Pythagorean  philosophy 
was  afterwards  borrowed,  this  will  give  the 
best  reason  we  can  find,  why  fire  was  ho- 
noured ^ith  this  figure  in  particular.  The 
obelisk  was  nearly  related  to  the  pyramid, 
and  was  erected,  as  Pliny  informs  Uist>  with 
the  same  religious  intention:  though  I  ap- 
prehend the  obelisk  was  rather  intended  to 
express  a  ray  of  light,  than  the  figure  of  its 
constituent  particles. 

Wheresoever  fire  was  worshipped  in  the 
purat'heia  of  antiquity  after  the  manner  of 
Numa,  we  may  suppose  that  there  that  solar 
system  prevailed  which  places  the  solar  fire 
in  the  centre ;  and  that  this  was  really  the 
universal  opinion  of  the  most  ancient  Hea^- 

thens. 

•  Cxi.  Rhodig.  lib.  xxlii.  cap.  6. 

4  Trabes  ex  eo  facere  reges  quodam  certamine,  obeliscos 
ytcantcs,  solis  numini  sacratos,     Plin.  lit),  xxxvit^cap,  8. . 
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thens.  This  doctrine  agrees  much  bette^ 
with  that  name  they  gave  to  the  sun  in  his 
physical  capacity,  calli^g  him  cor  ccsli  the 
heart  of  heaven  * ;  which  illustration  and  al- 
lusion is  probably  of  very  great  antiquity, 
because  it  cannot  with  any  propriety  be  ap- 
plied to  the  more  modern  Ptolemaic  hypo- 
thesis. The  analogy  is  very  striking;  for  as 
the  heart  is  in  the  centre  of  the  animal 
system,  so  is  the  sun  in  the  centre  of  the 
worjd-  as  the  heart  is  the  fountain  of  the 
blood,  so  is  the  sun  the  fountain  of  light  and 
fire  iv  as  the  heart  is  the  life  of  the  body,  and 
the  centre  of  he^t  and  motion,  so  is  the  sua 
the  life  and  heat  of  the  world,  and  the  first 
mover  of  the  mundane  system:  when  the 
heart  ceases  to  be^t?  the  circuit  of  life  is  at 
^n  end ;  and  if  the  sun  should  cease  to  act, 
a  total  stagnation  would  take  place  through- 
put the  whole  frame  of  nature.  Macrobius, 
pursuing  this  analogy,  says,  solem  autem  igni$ 
tetherfifontem  dictum  esse  retulimus;  hoc  est 
ergo  sol  in  cpthere  quod  in  animali  cor — ^*  we 
^*  have  before  obsefved  that  the  sun  is  called 
*^  the  fpuntain  of  the  etherial  fife ;  therefore 
**  the  sun  is  in  the  heavens,  what  the  heart 
^^  IS  in  animals:"  from  which  it  is  obvious, 

that 
^  Macrobt  in  Sginnt  Spp«  lib,  }.  20, 
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Ijhat  as  ihete  cannot  be  a  pei^nnial  fountarin 
in  nature  without  a  return  6f  ite  own  wa- 
ters ;  and  the  heart  cannot  send  out  rte  blood 
but  m  circulation,  and  in  virtue  of  what  it 
receives ;  this  illustration  is  very  imperfect, 
unless  the  sun  itself  is  supposed  to  act  on 
the  same  principle,  and  to  be  rendered  a  per- 
ennial fountain  of  fire  by  the  continual  re- 
turn of  its  own  matter.  If  this  is  admitted, 
the  analogy  is  perfect  and  b^utiful :  and  it 
is  by  no  means  unreasonable  to  think  that  it 
might  be  so  taken  and  understood  by  the 
philosophers  of  antiquity  who  first  applied  it. 
Since  the  circulation  of  the  blood  has  been 
'  known,  this  analogy  has  been  taken  up  with 
advantage  by  the  great  Harvey  himself,  who 
first  of  all  the  moderns  explained  to  us  with 
sufficient  accuracy  this  important  branch  of 
natural  philosophy.  He  observed,  that  the 
heart  of  animals  is  the  foundation  of  life,  the 
chief  ruler  of  all  things  in  the  animal  system, 
the  sun  of  the  microcosm,  from  which  flows 
all  its  strength  and  vigour*.  The  philoso* 
phers  of  antiquity  called  the  sun  the  heart  of 
the  microcosm ;  the  modems  call  the  heart 

the 

*  Cor  animalium  fundamentum  est  vitae,  princeps  omni- 
um, microcosmi  sol,  a  quo  vigor  omnia  et  robur  emanat* 
Harv,  Ded.  ad  Libr,  de  Circ,  Sang. 
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the  sun  of  the  microcosiiu  There  nuist  be 
somethijag  very  striking  in  the  analogy  which 
is  thus  convertible,  and  has  been  taken  up  at 
both  ends  by  such  different  pjersons,  at  such  . 
remote  periods  of  time.  The  savage  phila- 
sophy  of  America  seems  to  have  compre- 
hended in  it  this  relation  between  the  ani^- 
mal  system  and  the  frame  of  nature.  Acosta^^ 
in  liis  History  of  the  Indies,  reports,  that  in 
the  human  sacrifices  of  the  Mexicans,  th^ 
high  priest  pulled  out  the  heart  with  hi^ 
hands,  which  he  shewed  smoking  to  the  sun, 
to  whom  he  offered  this  heat  and  fume  of  the 
heart,  and  presently  he  turned  toward  the 
idol,  and  cast  the  heart  at  his  face*. 

Before  I  close  this  philological  inquiry, 
we  are  to  consider  the  use  of  fire  in  theology, 
as  it  hajs  been  applied  in  the  sacred  writings. 
The  common  properties  of  fire  are,  its  purity, 
its  splendor,  its  swiftness,  its  heat,  its  force 
and  penetrating  power,  by  which  it  searches 
and  pervades  all  other  matter.  These  pro- 
piertie^  are  selected  to  give  us  ideas  of  the 
most  sublime  objects  in  the  intellectual 
world,  of  which  no  verbal  description,  with- 
out this  assistance  from  nature,  could  give 
us  any  adequate  conception. 

Fire, ' 

*  Lib,  V^  p.  885. 
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«  Yittj  for  the  purity  and  subtilty  of  it,  ex- 
presses the  nature  and  powers  of  spiritual 
beings,  even  of  God  himself;  who  is  said  to 
tiave  made  his  angels  spirit Sj  and  his  mini- 
sters  a  flame  of  flre :  hy  which  it  is  to  be 
understood,  that  the  heavenly  ministers  of 
God,  employed  in  his  service,  are  like  air  or 
spirit,  invisible;  and  as  a  flame  of  £re,  swift, 
active,  and  powerful;  able  and  ready  to  ac- 
complish in  a  moment  of  time  every  office 
they  are  sent  upon,.  It  is  true,  in  a  literal 
sense,  that  the  elements  of  air  and  fire  are 
the  angels  or  instruments  of  the  Creator  in 
the  physical  government  of  the  world ;  and 
so  plain  is  this  philosophy,  that  we  may  call 
it  natural  m  more  senses  than  one,  for  we 
have  it  by  nature:  but  it  is  also  clear  that 
these  agents,  in  the  symbolical  language  of 
the  Scripture,  are  tajcen  to  signify  intel- 
lectual beings,  who  excel  in  strength,  BJid 
act  in  subordination  to  the  divine  power: 
nor  indeed  can  any  thing  so  well  express  the 
invisible  messengers  of  God,  as  those  instru- 
ments which  are  employed  daily  in  the  of- 
fices of  nature. 

But  then  again^  as  these  elements  give  us 
all  the  notions  we  are  able  to  form  ef  power 
and  perfection,  they  are  frequently  applied 

3  to 
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to  the  powers  and  perfections  of  the  Deity ; 
who  is  described  to  us  as  having  his  resi- 
dence amidst  the  glories  of  inaccessible  light, 
and  is  said  to  clothe  himself  with  light  as 
with  a  garment.     His  nature  not  admitting 
either  of  the  evil  of  sin  or  the  weakness  of 
ignorance,   God  is  lights   and  in  him  is  no 
darkness  at  all.     He  is  expressly  called  by 
the  name  of  the  sun*,  because  there  is  but 
one  sun  in  the  heavens,  as  there  is  one  true 
God,  the  maker  of  all  things,  who,  like  the 
great  ruler  of  day,  is  the  fountain  of  light 
and  life,  the  light  of  the  understandinfg,  and 
the  life  of  the-soul.     As  a  beneficent  being, 
the  author  of  all  good,  he  is  signified  by  the 
quickening  beams  of  the  suh :  but  in  respect 
of  his  justice,  as  He  is  the  author  of  ven^ 
geance,  his  wrath  is  said  to  be  kindled  and  to 
ium  as  fire.     Nothing  is  hid  from  the  heat 
of  fire;  neither  can  any  being  resist  the  force 
of  it :  therefore  it  is  made  use  of  to  express 
that   inquisitorial  power  of  divine  justice, 
which  can  neither  be  resisted  nor  avoided, 
and  which  shall  try  every  man's  work,   of 
what  sort  it  is.    The  purer  metals  are  refined 
by  the  action  of  fire,   and  cleared  of  their 
dross;  but  all  that  is  base  and  refuse  is  sepa-^ 

rated 
*  Psalm kxxiv.  il.  Tbe  Iiord  God  is  a  sunand  a  shield* 
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rated  and  destroyed :  with  aUusk>a  to  whichi 
they  who  are  to  fall  under  the  divide  ditk* 
pleasure  are  compared  to  chaffs  and  ^tubbU^ 
and  thorns;  and  God  himself,  in  t]iie  exei;cise 
of  his  justice  upon  them,  is  said  to  be  a  cath 
suming  Jire*.  When  a  sacrifice  was  offered 
up,  it  was  sometimes  consumed  by  fire  im*- 
mediately  from  heaven,  (whicji  was  a  m^k 
of  its  acceptance;)  but  in  the  ordinary  way 
it  was  burnt  by  the  common  fire  of  the  altoTt 
The  fire  which  fell  upon  the  victim,  should 
in  justice  have  fallen  upon  the  offerer,  for 
whom  it  was  accepted,  and  who  escaped  by 
means  of  this  substitution :  so  that  the  ipsti- 
tution  of  sacrificature  was  a  plain  intimate 
of  this  great  doctrine,  that  no  man  caa  escape 
the  fire  of  the  divine  justice,  but  through  the 
acceptance  of  an  appointed  victim  to  diven: 
that  wrath,  which  must  otherwise  act  upoa 
him  as  a  consuming  fire :  and  the  universal 
practice  of  the  heathen  world,  though  ia 
many  respects  absurd  and  monstrous,  as  all 
their  imitations  were,  was  a  wonderful  re- 
cognition of  this  doctrine,  and  prepared 
them  at  length  for  the  reception  of  the 
Christian  revelatiouj  with  its  one  universal 
sacrifice. 

The 
*  Hebrews  xii,  29. 
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The  effects  of  the  revealed  word  of  God, 
in  which  all  his  attributes  are  manifested, 
and  which  is  the  grand  instrument  in  his  dis- 
pensations toward  mankind,  are  illustrated 
to  us  in  the  same  way,  by  the  effects  of  na- 
tural fire ;  the  light,  the  swiftness,  the  heat, 
the  force  of  fire,  are  all  ascribed  to  it ;  it  is 
a  tamp  to  thefeet,  and  a  light  to  the  eyes;  it 
runneth  swiftly,  even  as  the  rays  of  the  sun 
are  propagated  to  the  extremity  of  the  hea- 
vens, which  was  verified  by  the  rapidity  of 
its  progress  through  the  world,  at  the  preach- 
ing of  the  gospel :  it  kindles  the  flames  of 
zeal  and  devotion,  and  charity  in  the  affec- 
tions; which  effect  of  it  is  described  in  those 
words  of  the  two  disciples,  who,  on  a  great 
occasion,  were  instructed  out  of  it  by  their 
master,  Did  not  our  hearts  burn  within  us^ 
while  he  talked  with  us  by  the  way,  and  while 
he  opened  unto  us  the  Scriptures  ?  The  word 
of  God  being  the  great  rule  of  our  actions, 
it  operates  upon  the  conscience  in  such  a 
manner  as  to  try  and  open  to  a  man's  own 
self  the  secrets  of  his  heart ;  and  it  shall  one 
day  scrutinize,  with  irresistible  force,  the 
hearts  of  all  men:  in  which  capacity  the 
word  of  God  is  quick  andpowtrfulj  and  sharper 
than  any  two-edged  swordy  piercing  even  to 

VOL.  ix^  c  c  the 
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the  dividing  asunder  of  soul  and  spirit^  and 
of  the  joints  and  nuirrow,  and  is  a  disctmef^ 
of  the  thoughts  and  intents  of  the  hear**: 
ra  a  wordy  its  power  id  thb  respect  is  4ucb 
as  nothing  but  the  ali^peDetratiqg)  power  of 
light,  and  the  sharpness  of  fire  itself,  cas 
represent  or  explain  to  us. 

With  a  view  to  these  properties  of  fir^ 
when  the  word  was  given  on  the  day  of  Pen- 
tecost to  the  tongues  of  the  apostles^  an  em* 
blematic  exhibition  of  it  sat  iq>on  tke  heads 
of  each  of  them  in  the  form  of  a  flame  of 
'fire:  they  were  appointed  to  shine  as  li^^ts 
in  the  world,  holding  forth  the  wordof  Ufe 
m  every  language;  and,  therefore,  those 
fiery  tongues  were  cloven  or  parted,  as  flame 
generally  is,  by  the  resistance  of  the  air, 
when  it  mounts  upwards.  The  harmony  of 
the  elements^  on  occasion  of  this  exhibition^ 
is  of  physical  consideration,  anit  deserves 
well  to  be  explained  :  for,  whil^  the  fire  that 
appeared  denoted  the  quickening  heat,  the 
illuminating  power,  the  rapid  progress  and 
irresistible  force  of  the  divine  word ;  the 
i  rushing 

*  Hebr.  iv.  is.  If  the  reader  considers  this  passa£;e at- 
tentively as  it  stands  in  the  context,  it  will  seem  ntfaer  to 
belong  to  the  persona/  word  of  God^  as  the  judge  of  »»» 

and  the  searcher  of  hearts* 
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rushing  mighty  wind,  which  attended  the  ef- 
fect of  insph*ation,  and  without  which  there 
is  naturally  neither  speech  nor  language  in 
the  organs  of  man,  denoted  that  power  of 
the  invisible  spirit,  by  means  of  which  their 
ygcund  went  out  into  all  iandsj  and  their  words 
unto  the  ends  of  the  world. 

These  few  observations,  which  might  hay? 
been  carried  on  much  farther,  are  sufficient 
to  answer  my  purpose  in  pointing  out  the 
^{philological  use  of  fire  in  the  science  of  the- 
ology. In  producing  them,  I  follow  the  ex- 
mnple  of  our  great  Newton,  who  held  it  al- 
lowable in  natural  philosophy  to  discourse 
about  God  and  his  attributes  *,  and  in  his 
own  practice  reasoned  freely  from  the  Scrip- 
ture. To  him  I  should  have  needed  no  apo- 
logy ;  and  every  other  wise  and  good  man 
will  wish  to  see  the  relation  between  philoso- 
phy and  divinity  every  day  farther  opened^ 
tand  better  established. 

c  c  2  There. 

*  £t  hsc  •de  Deo ;  de  quo  atique  ex  phimominis  disserere, 
iwA  philorapliiaiii  cxperimebtalem  pertinet.  Newt.  Fiio. 
Jgchel.  Gener. 

Nee  qQidquam  aliud  est  philosophki  si  interpretari  velis, 

qoam  studium  sapientiae*     Sapientia  autem  est  (ut  a  veteri- 

"Ims  fihitci^o^s  definitom  est)  remm  d't<viuarum  8c  humana. 

tiitn^  tMucaimqat  i|«iiblis  hse  eontinentur,  teientia.  Cic.  de 

Qff»  Iib«ii«cap«9. 
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There  is  a  curious  observation  in  Lactati- 
tins,  which  belongs  properly  to  this  subject. 
Among  other  arguments  to  shew  the  sujieri- 
ority  of  man  in  the  creation,  and  the  ilnmor-' 
tality  of  his  nature,  he  produces  this ;  that 
of  all  the  creatures  known  to  us,  man  is  the 
only  one  that  has  the  use  and  command  of 

•  the  element  of  fire.  He  is  familiar  with  that 
heavenly  substance,  without  which  there  is 
neither  light  nor  life,  while  the  most  power- 
ful and  ferocious  of  beasts  are  alarmed  by  it, 
and  fly  from  it.  He  is  intrusted  with  a  power 
most  like  to  that  of  God  himself,  who  has 
the  direction  of  all  the  elements ;  and  there- 
fore he  has  a  privilege  which  distinguishes 
him,  and  sets  him  above  all  the  creation, 
and  gives  him  an  alliance  with  the  divine 
nature.  How  dreadful  would  it  have  been, 
if  brute  creatures  had  been  intrusted  with 
the  same  liberty  !  if  there  had  been  the  use 
of  fire,  where  there  is  not  the  use  of  reason! 
What  M^ould  Lactantius  have  said,  if  he 

.  had  been  witness  to  the  present  state  of  phi- 
losophy, -when  we  have  obtained  the  art  of 
using  and  directing  the  force  of  fire,  inde- 
pendent of  its  heat,  as  the  great  cause  of 
motion  in  the  world  ? — of  even  drawing  it 
down  from  the  clouds  of  heaven,  and  di- 

•  verting 
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verting  (as  we  seem  to  do)  the  stroke  of 
lightning  itself?  Instead  of  being  puffed  up 
with  pride  and  insolence^  let  us  regard  this 
rather  as  a  gift  of  Providence,  than  a  dis- 
covery of  human  wit :  let  us,  in  the  words, 
of  the  Scripture,  glorify  God^  who  (for  some 
wise  and  good  end)  hath  given  such  power 
unto  men :  and  let  us  make  a  wise  and  devout 
use  of  it. 

The  most  ancient  heathen .  philosophers, 
when  they  contemplated  this  wonderful  pri- 
vilege of  man,  in  enjoying  the  use  and  do- 
minion of  the  element  of  fire,  that  wuvJbkvu 
vufoff  (TfiXo^*,  like  to  God  himself,  persuaded 
themselves  that  as  it  was  a  privilege  too  great 
for  man's  estate  in  the  world,  it  was  origi- 
.  nally  stolen  from  heaven ;  and  that  this  very 
theft  was  the  crime  which  brought  all  manner 
of  evil  into  the  world,  I  have  frequently 
wondered  at  this  doctrine,  which  is  plainly 
taken  from  the  Mosaic  history,  where  the 
original  crime  consisted  in  a  desire  of  being 
c  c  3  equal 

*  XloLvlsKva  mv^os  (nXot^-^tbe  brightnesi  offire^  the  unl^ 
'V er sal  artificer ;  this  expression  is  very  strong  and  beaati- 
fol,  and  is  taken  froni  the  Prometheus  of  Eschylus,  the  plot 
of  which  is  founded  entirely  on  this  supposed  theft  of  firej^ 
the  crime  that  made  the  propitiatory  aufierin^s  of  Promt* 
theus  necessary^ 
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equal  to  God  :  the  heathens  interpreted  that 
desire  to  consist  in  aspiring  tp  the  fiamiliap 
use  of  fire,  and  stealing  it  from  heaven  for 
that  purpose.  They  could  not  see  how  we 
are  so  much  like  gods  in  any  other  respect. 
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DISCOURSE  y. 

On  Air,  Sound,  Music,  fi?c. 

/t  IR  may  properly  be  called  a  Jkiidj  be- 
*^^  cause  its  parts  move  freely  among  them- 
selves, so  that  it  flows  like  other  liquids,  and 
follows  the  general  laws  of  hydrostatics ;  but 
it  has  some  peculiar  properties  which  distin- 
guish it  from  other  fluids,  particularly  its 
compressibility  and  elasticity. 

The  air  is  hard  to  be  understood  by  an  ex- 
perimental analysis,  on  account  of  the  sub« 
tilty  of  its  parts,  and  the  heterogeneous 
matter  which  is  mixed  with  it.  In  the  air  of 
the  atmosphere,  which  we  commonly  breathe,  v 
we  have  a  compound,  which  contains^  dif- 
fused in  it  a  subtile  vapour  from  the  waters 
of  the  earth  and  clouds,  and  with  this,  all 
$ttch  parts  from  earthy  substances  as  are  vo- 
latile ;  as  the  parts  of  sulphurs,  volatile  oils, 
volatile  salts,  and  even  earths,  minerals,  and 
tnetals,  when  greatly  refined  and  subtilized. 

The  various  parts  which  enter  into  this 
c  c  4  cotnpound 
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compound  fluid  of  the  atmosphere,  have  per- 
plexed the  subject  to  such  a  degree,  with 
those  who  have  undertaken  to  study  the  na- 
ture of  the  air,  that  some  hav^  supposed  air 
to  be  nothing  but  water  rarefied,  others  no- 
thing but  salt  of  some  kind  in  another  form. 
Thus  we  might  dispute  about  wine,  beer,  and 
spirits,  till  we  had  lost  sight  of  the\element 
of  water;  but  here  we  are  in  less. danger, 
because  water  is  a  grosser  fluid,  and  more 
obvious  in  its  simple  form.  When  all  other 
parts  are  removed  which  epter  into  the  com- 
position of  the  atmosphere,  there  certainly 
remains  a  fluid,  which  is  the  vehicle  and 
substratum  of  them  all ;  insomuch,  that  if 
there  M^re  neither  earth,  nor  salt,  nor  oil, 
nor  sulphur,  nor  water,  still  there  would  be 
that  air  which  gives  motion  to  the  lungs, 
and  is  the  spring  of  animal  life.  This 
simple  fluid  is  the  first  object  of  inquiry  to 
those  who  consider  the  nature  of  the  air ; 
and  the  properties  of  air,  which  arise  from 
the  mixture  of  other  things  with  it,  are  to 
be  regarded  rather  as  accidents  than  proper-* 
ties. 

But  when  we'  have  done  all  we  can  to  re- 
duce  air  to  its  native  simplicity,  still  it  is  a 
compound ;  for  the  air  in  which  wc  move, 

and 
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and  by  which  we  live,  is  a  mixture  of  air 
and  fire.  All  the  elementary  part  of  it, 
which  is  not  air,  is  fire ;  and  where  there  is 
perfect  fire,  there  is  no  air.  If  a  glas^  ves- 
sel is  hermetically  sealed  in  the  middle  of  a 
furnace,  and  its  neck  be  afterwards  inverted 
in  water,  and  broken  off,  the  space  will  be 
nearly  filled  with  water,  after  the  manner  as 
when  a  common  vacuum  has  been  made  by 
exsuction.  Air  is  therefore  something,  which, 
though  it  be  constantly  flowing  into  a  tire, 
cannot  subsist  there  as  air,  but  is  by  some 
means  reduced  to  a  fluid,  which,  when  cold,' 
approaches  to  the  nature  of  a  vacuum  * 
Many  arguments  occur  to  us,  as  well  from 
the  course  of  nature  itself,  as  from  experi- 
ment, (some  of  the  most  remarkable  of  which 
will  come  in  their  order  toward  the  latter  end 
of  this  discourse, )  which,  when  taken  all  to- 
gether and  compared,  are  sufficient  to  prove 
that  the  etherial  element  which  surrounds 
lis,  and  is  now  generally  acknowledged  to  b^ 
a  mixture  of  air  and  fire,  is  but  one  thing  in 
Jcind,   but  consisting  of  parts  differing  in* 

degrees 

*  This  experiment  cannot  be  made  bat  in  a  fire  whe^Q 
^lass  will  not  melt,  therefore  it  cannot  be  made  completely ; 
and  some  air,  though  extremely  rare  and  little^  wiU  still  be 
found,  as  Boerhaave  teaches  us. 
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degrees  of  subtilty,  from  thie  groaoest  aif  io 
the  most  refined  fire;  with  a  gradatioa  m 
iasensibley  that  we  shall  never  be  able  to  aay 
v.here  air  ends^  and  fire  begins;  afi  the  light 
€f  the  rainbow  grows  so  dilute  by  4e!&f^^K 
that  no  line  can  be  drawn  between  its  edg^ 
and  the  uncoloured  sky.  Yet,,  from  tho 
grossest  air  to  the  most  intense  fire^  the  pro* 
gression  is  so  remote,,  that  philosopheiss  baw 
connected  air  and  fire  by  the  medialdaai  o£ 
what  they  call  a  subtile  mattsr,,  paartakivg  of 
the  nature  of  both}  being  neither  s(^  grosiS  a& 
to  be  excluded  by  thiS  surges  of  solid  bo^ 
dies^  nor  yet  endued  with  all  the  subtilty  ol^ 
fire,  at  least  not. with  the  for^ce  of  bui;ning 
fire.  The  Abb^  Nollet  calls  that  fluid  which 
enters  into  the  receiver  through  the  glass  ^ 
every  stroke  of  an  air-pumjp^  ta  supply  tilje 
place  of  the  air  that  goes  out,  im  matiera 
mhtih  de  la  nattire  de  Vmr  *  :  as  if  he  had 
supposed,  both  to  be  one  thing  in  nature,  bab 
differing  in  degree  of  subtilty. 

A  very  ohvjous  phaenomenon  may  be  pro* 
posed,  which,  when  more  attentively  consi- 
dered, presents  us  in  a  sensible  manner  with 
a  sort  of  middle  term  between  the  two  ex- 
tremes of  air  and  fire ;  I  mean  the  coloured 

spectrum 

»  Vol.  iv.  p.  447i 


i^ectrum  of  the  prism.  That  there  is  a  gra-^ 
dation  in  the  forct^  of  the  light  when  separate 
ed  by  the  pri^mi  is  evid"an*  to  the  eye,  if  it 
considers  the  whole  together  in  the  coloured^ 
speetrum,  and  much  more  when  it  receiver 
tbe  homogeneous  rays  of  the  several  orders 
singly ;  for  the  eye  is  das^led  with  the  bright- 
H^s  of  the  red  rays,  but  is  able  to  bear  the 
xadianea  of  the  blue  without  the  least  incon- 
venience. I  have  a  method  of  detaching 
the  colours  for  this  particular  experiment, 
which  isr  too  long  to  be  described  here.  There 
iSilikewise  a  mechanical  argument  to  demon** 
strate  that  the  different  rays  have  difierenti 
powers ;  for  the  rays  which  pass  through  any 
medium  with  the  greater  power,  will  be  lesa 
turned  out  of  their  course ;  and  as  the  rays 
least  refrangible  are  the  red  ones,  reason- 
;E^rees  with  sense  in  giving  them  the  greatest 
force*  Now  light  is  the  mediating  substance 
between  l^re  and  air,  and  its  properties  shew 
us  this  alliance.  Its  two  extremes  are  red 
and  blue ;  the  former  is  the  colour  of  fire, 
the  latter  of  air.  The  first  appearance  of  fire 
is^  with  redness ;  and  the  body  of  air  which 
we  look  through  in  the  sky,  is  blue.  The 
spectrum,  therefore,  of  the  coloured  light 
shews  us  its^  alliance  to  fire  in  one  e^treme« 

and 
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and  its  alliance  to. air  in  the  other.    Hie  red: 
rays  either  axe  fire,  or  would  be  such  under 
certain  circumstances ;  while  the  shades  ofi 
blue  vanish  into  air^  or  would  seem  to  do  so, 
if  we  could  pursue  them  far  enough ;  but: 
when  they  cease-  to  be  coloured,  they  cease 
to  be  visible.     Besides,  we  cannot  suppose 
that  any  particles  will  pass  the  pores  of  the 
glass,  30  gross  as  to  deserve  the  name  of  air;. 
I  only  mean  to  say,  that  this  extreme  is  air 
lied  to  the  air,  as  the  other  is  allied  to  fire.' 
The  yellow  rays,  between  the  two  extremes, 
may  perhaps  not  improperly  be  taken  for  the 
genuine  colour  of  the  solar  light,  as  distin- 
guished from  fire  and  air;  philosophers  have, 
therefore,  made  gold  the  symbol  of  the  solar 
light,  on  account  of  its  yellow .  colour  and 
its  splendour, 

That  air  and  fire  are  different  conditions 
of  the  same  elementary  matter  of  the  heavens, 
is  so  far  from  being  new,  that  it  is  a  doctrine 
of  great  antiquity  particularly  insisted  upon 
by  Timaeus  the  Locrian,  and  embraced  by. 
the  Pythagoreans  and  Platonists.  The  Car- 
tesians ^aw  that  such  a  thing  was  necessary 
to  account  for  many  effects  in  nature,  and 
therefore  accommodated  to  this  purpose  their 
materia  primi^  and  materia  secundi  dementi. 

But 
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■But  all  this  was  hypothetical ;  if  we  follow 
-nature  and  reality,  we  must  find  either  two 
ijorts  of  air,  or  two  sorts  of  fire :  in  other 
words,  we  must  make  air  and  fire  homoge- 
neous ;  and  it  is  by  no  means  unnatural  that 
they  should  be  the  same  in:  kind,  though  dif- 
ferent in  condition,  because  the  like  is  ob- 
rservable  in  other  instances;  and  what  is 
common  and  familiar  in  one  case,  can  be 
neither  incredible  nor  absurd  in  a  similar 
case.  If  air  resolves  itself  into  fire,  and  fire 
in  its  turn,  by  some  certain  association  of  its 
parts,  reverts  to  air,  there  is  nothing  more  in. 
this  than  what  we  commonly  observe  in  the 
•element  of  water.  It  assumes  the  solidity 
of  ice;  it  coalesces  into  the  fleecy  form  of 
snow;  it,  becomes  rare  and  impalpable  in  va- 
pour; and  yet,  under  all  these  conditions^  it 
is  nothing  but  the  one  simple  substance  of 
water,  to  which  it  returns  sooner  or  later  aisr 
it  happens  to  be  acted  upon.  When  we  af- 
firm that  a  siiow-ball  and  the  smoke  of  a 
caldron  are  of  the  same  substance,  who  can 
deny  it  ?  Yet  a  child,  who  should  feel  both, 
would  not  readily  understand  how  that  could 
be. 

It  is  more  easily  seen  how  two  different 
conditions  of  fluidity  and  solidity  obtain  in 

olive 
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olhre  oil :  it  becomes  fluid  with  wtf  mtli,  ind 
ithe  more  it  is  heated,  the  more  perfectly  it  b 
-dissolved ;  but  when  the  -cold  acts  upoti  it, 
we  see  it  concrete  into  little  .masses,  and  be^ 
tiome  granulated ;  Which  masses^  when  unit-* 
ed  farther  to  each  other,  constitute  a  solid. 
•When  solid,  it  is  no  longer^  transparent ;  but 
"When  perfectly  fluid  as  it  can  be,  it  becomai 
fiiright  like  the  light  itself^  andr  tesetnbles  if 
mlso  in  its  colour  *.  The  same  accident  hap^ 
:|ien5  to  the  blood,  which  is  a  fluid  consisting 
BOff  a  serous  liquid,  with  dissoluble  masses  of 
A  red  colour  floating  in  it ;  and  they  who 
iiBve  studied  the  texture  of  it  with  a  mioro^ 
iMriope,  have  discovered  that  each  of  theseate 
:kransmuted  occasionally  into  the  other.  Thtsn^ 
•parts  are  intimately  mixed,  and  work  togt^ 
ther  for  the  purposes  of  animal  life,  so  long 
as  the  blood  fbws  warm  within  the  reisels  crf^ 
the  body ;  but  when  exposed  to  the  air,  and 
atagnant,  they  are  separated — the  red  mas- 
aules  concrcte  into  a  crassamentum,  and  the 
serum,  draining  away  from  them,  becomes 
an  iusipid  lymphatic  fluid,  which,  in  appear^ 
juice,   partakes  but  little  of  the  nature  of 

blood* 

•  The  reader  will  see  hereafter,  that  heated  oU  is  actually 
to  littentive  of  the  tiiatter  of  fire>  at  to  appeit  huaiiHW  in 
the  dark* 
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blood.  A  matabie  condition  in  the  fluid  of 
air,  the  vital  fluid  of  the  macfocosm,  hn^ 
nothing  more  lingular  in  it  than  these  mu- 
tations which  are  known  to  take  place  in  the 
vital  fluid  of  the  animal  system.  If  the  na- 
tural constitution  of  the  air  is  agreeable  to 
this  analogy,  we  must  understand  the  matter 
of  the  heavens  as  one  vast  fluid,  the  parts  of 
>which  xlifier  in  ms^nitude,  90  that  some  wiB 
be  stopped  by  the  s^urfaces  of  bodies,  while 
Others  more  subtile  pass  freely  through  their 
pores :  thus  some  will  be  acting  without  bo^ 
dies,  others  within  them ;  some  will  heat 
bodies,  others  will  cooi  them;  some  vniji 
.^nter  into  bodies  of  a  looser  texture,  and  be 
excluded  by  others  of  a  closer;  some  wifi 
compress,  others  will  divide :  and  thus  the 
two  great  and  universal  eifects  of  consoUdar* 
tion  and  dissolution,  or  generation  ^id  coiv 
Fuption,  will  be  carried  on  in  the  world. 

This  doctrine  of  a  sameness  of  substance 
in  the  finer  and  grosser  parts  of  the  atmo- 
isphere,  or  of  air  and  fire,  as  we  now  speak,^ 
waa  espoused  early  by  an  eminent  member  of 
the  Royal  Society  at  its  first  establishment^ 
who  had  the  honour  of  being  its  first  pre- 
sident, the  Lord  Viscount  Brounker :  he 
supposed  **  the  purer  part  of  the  air  to  be  of 
a  ''the 
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^'  the  like  nature  with  the  grosser  ^art  t  and 
**  though  finer  than  the  rest^  so  as  to  pene^ 
**  trate  glass,  which  the  grosser  will  not 
'^  (there  being  in  all  sorts  of  grains  some 
"  greater  than  others,  and  which  will  not, 
**  pass  so  fine  a  sieve,)  yet  of  a  springy  na» 
**  ture  as  the  grosser  parts  are  *."  From  this 
constitution  in  the  air  so  many  things  foU 
loV,  that  it  would  be  impossible  to  explain 
or  even  to  recount  them  all.  It  gives  us  a 
distinction,  which  is  the  hinge  whereupon 
most  of  the  operations  of  nature  turn^  But 
its  first  and  greatest  use  in  our  present  sub- 
ject, is  to  explain  that  well-known  property 
of  the  air,  which  is  called  its  elasticity ;  the 
force  with  which  it  resists  couipvession,  and 
restores  itself  to  its  first  dimensions,  or  even 
exceeds  them,  which  is  not  the  case  with 
any  other  fiuid. 

Of  the  Elasticity  of  the  Air. 

I  say  nothing  here  of  the  several  hypo-  • 
theses  invented  to  explain  the  elasticity  of 
the  air,  having  considered  them  particularly, 
so  far  as  my  purpose  required,  upon  another 

occa- 

•  See  Phil.  Trans.  Abr.  vol.  ii.  p»  27* 
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occasion*.  It  will  now  be  generally  allow-' 
(^d,  that  air,  in  a  larger  sense,  is  a  mixture 
of  air  and  £re,  and  that  these  two  cannot 
be  divided  without  some  violence;  which 
violence  will  be  resisted,  as  it  is  the  con- 
stant effort  of  nature,  by  an  universal  stress^ 
to  which  all  bodies  are  exposed,  to  keep  air 
and  fire  duly  intermixt,  as  circumstances  re- 
quire: and  in  consequence  of  this  resistance, 
the  air  is  elastic ;  or  rather,  its  elasticity  is 
the  very  act  of  such  resistance.  When  air 
is  compressed  into  a  smaller  volume,  some  of 
its  fire,  which  no  surface  can  confine,  is 
forced  out  of  it.  This  fire,  by  the  aforesaid 
general  effort  of  nature,  endeavours  to  re- 
enter, and  reduce  the  compressed  air  to  the 
same  density  with  the  other  air  that  sur- 
rounds it.  Thus  the  compressed  air  wiH 
seem  to  expand  itself  by  some  property  of 
its  own,  when  it  is  actually  expanded  by 
fire.  Hence  it  will  follow,  that  a  single  par- 
ticle of  air,  considered  in  itself,  can  have  no 
elasticity :  fire  must  intervene,  and  act  among 
t  number  of  its  parts,  before  this  effect  can 
take  place.  In  this  I  say  nothing  but  what 
has  been  said  before  by  many  learned  men ; 
VOL.  IX.  D  D  amongst 

/  *  See  tbe  Essay  on  the  Fint  Principles  of  Natural  Philo. 
•Ofhjfi  hock  ii*  chap.  5« 
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amongst  the  rest  by  Mr.  Amontons,  a  cele* 
biated  French  philosopher,  who  maintained 
that  air  is  elastic  **  only  in  virtue  of  the 
**  fiery  particles  it  contains;  and  that  it  is 
**  imposijible  absolutely  to  drive  out  all  the 
**  fixe,  and  consequently  to  make  a  perfect 
**  condensation*."  The  same  must  follow 
from  the  doctrine  above  proposed  by  the 
Lord  Brounker. 

Many  falkcious  experiments  upfon  air,  jat^ 
air  only,  have  been  made  and  described, 
without  any  regard  to  the  fire  which  co-ope- 
rates with  it  Thus  it  has  been  demon- 
strated, that  a  small  particle  of  i^ir  is  ex-* 
tended  till  it  occupies  a  space  above  aEi  hun- 
dred millions  of  times  larger  than  at  first  | 
and  this  in  the  vacuum  of  ah  sir-pump, 
where  the  air  by  computation,  perhaps,  is 
not  rarefied  one  hundred  times.  It  should 
be  considered  how  the  air  is  apparently  en- 
larged by  the  accession  of  fire,  coatributing 
to  occupy  that  space,  which  is  supposed  to 
be  filled  by  an  extension  of  simple  air.  Tbe 
air  in  such  cases  is  really  extended  somewhat 
after  the  manner  in  which  fluids  are  diluted. 
One  ounce  of  ink,  mixed  with  an  hogshead 

of 

*  See  Shaw's  fioeduunre.  edit.  9:  vbl.l  p.  s^iS,  in  the 

note  CkJ. 
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of  piire  water,  may  be  extended  through  the 
whole,  and  we  may  say  it  is  rarefied  to  that 
dimension;  and  as  the  particles  in  such  a 
case  cannot  possibly  Aouch  one  another  as 
they  did  before,  we  may  imagine  there  is 
some  repellency  in  theim :  but  though  they 
do  not  touch  one  another,  they  touch  sonve- 
thing  else,  and  are  sustained  upon  statical 
principles.  This  we  suppose  (allowing  for 
the  difference  between  the  nature  of  the  two 
fluids)  to  be  the  case  with  the  air;  which  i$ 
no  otherwise  extended  than  as  it  is  made 
more  dilute  by  the  mixture  of  a  greater  pro-r 
portion  of  fire  in  any  given  space. 

As  it  does  not  appear  that  there  is  a  singly 
experiment  to  evince  any  elasticity  in  air 
independent  of  fire,  we  may  therefore  deduce 
from  the  power  of  fire  all  the  laws  of  its 
elasticity,  in  the  following  order: 

1.  All  air  is  expanded  by  fire  in  a  certain 
degree  *f  and  this  holds  universally,  because 
the  lowest  degree  of  fire,  or  that  point  at 
which  fire  ceases  to  be  active,  has  never  yet 
been  discovered,  nor  can  be. ;  for  when  mer-» 
cury  is  frozen  with  a  degree  of  cold  three 
hundred  degrees  below  the  point  of  freezings 
air  is  still  elastic  as  before.  When  there  is 
no  obstruction  in  the  way  to  limit  the  ex;- 
D  D  2  pension, 
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pansion,  it  is  the  efFart  of  fire  to  expand  air 
in  infinitum  ;  for,  fire  acts  as  if  every  point 
of  space  which  it  occupies  were  a  point  of 
radiance.    Its  centre  ts  every  where,  and  its 
circumference   no  where.      We  have  seen 
above,  that  air,  though  greatly  expanded  by 
fire,    cannot  be  totally  expelled  from  any 
space  including  it,  by  any  degree  of  heat 
whatsoever.     In  a  mean  state  of  the  air,  tke 
heat  of  boiling  water  expands  it  about  one- 
third  ;  as  is  found  by  inverting  an  empty 
phial  (perfectly  dry  within)  in  boiliiig  wa- 
ter, and  letting  it  remain  ^ere  till  the  air 
and  water  are  cool,  when  it  will  be  filled 
about  one-third  with  water;    which  shews 
that  so  much  of  the  air  was  expelled  by  the 
heat,  and  consequently  that  the  expansion 
of  the  air  w'as  in  that  proportion.     By  the 
addition  of  a  small  quantity  of  water  to  wet 
the  inside  of  the  phial,  tbe  fire  will  totally 
expel  the  air,  and  make  such  a  perfect  va- 
cuum, that  when  all  \s  cool  the  phial  shall 
be  filled  entirely  with  water.     The  vapour 
of  boiling  water  is  expanded  with  such  force, 
and  unites  itself  in  such  a  manner  to  the  in- 
cluded air,  that  both  are  carried  off  together, 
and  the  space  so  evacuated  is  justly  thought 
to  be  a  better  vacuum  than  the  Torricellian: 

it 
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it  is»  strictly  speaking,  a  vacuum  of  a  var 
cuuni ;  because  nothing  remains  but  a  me- 
dium more  subtile  than  that  common  fire  of 
the  atmosphere,  which  remains  in  the  airr* 
pump  or  Torricellian  vacuum.  The  most 
simple  ei^periment  for  finding  with  accuracy 
the  expansions  of  the  air  under  all  different 
degrees  of  heat,  between  the  point  of  freez- 
ing and  the  heat  of  boiling  water,  is  that 
described  by  Mr.  Hawksbee.in  his  physicp- 
mechanical  treatise,  p.  218. 

2.  Air  is  naturally  in  p,  state  of  com- 
pression, from  the  e^^pansion  of  other  air 
which  lies  next  to  it;  to  which  we  may  add 
the  weight  of  the  incumbent  air,  which  is 
ynore  or  less  according  to  the  density  of  the 
air  and  the  altitude  of  the  column. 

3.  Therefore,  the  same  degree  of  heat  wiU 
expand  air  more  in  proportion  as  the.  com- 
pressing force  is  removed.  When  a  flaccid 
bl?idder  is  placed  under  the  receiver  of  an 
air-pump,  apd  the  compressing  force  is  withr 
drawn  by  exhausting  the  air  from  the  out- 
side of  the  bladder,  the  included  air  is  ex- 
tended, as  it  wQuld  be  if  the  same  bladder 
were  exposed  to  the  heat  of  a  fire.  For  it  is 
the  same  thing  in  effect  to  subtract  the  air 
from  without,  as  to  add  more  heat  to  the  air 

p  p  3  within. 
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within.  Therefore  the  heat  in  this  case  is 
still  the  true  cause  of  the  additional  exten- 
sion under  the  receiver,  though  there  is  no 
additional  heat.  There  is  no  occasion  for 
it :  the  same  heat  under  these  cjrcunistances 
will  have  a  greater  effect.  If  all  the  com- 
pressing force  could  be  withdrawn,  and  the 
space  were  infinite,  the  air  would  be  infir 
iiitely  extended.  This  case  of  the  flaccid 
bladder  explains  the  reason  why  the  vaciium 
of  an  air-pump  produces  so  many  of  the  sam^ 
effects  with  actual  fire. 

4.  The  resistance  of  air  to  any  compresr 
ing  force  is  as  the  cortipressing  force  itsplf, 
because  re-action  is  equal  and  contrary  to 
action ;  in  other  words,  the  fire  endeavours 
to  re-enter  with  a  force  equal  to  that  which 
^expels  it.  Hence  the  air  is  always  a  coun- 
terbalance to  itself,  and  naturally  in  equili- 
ferio,  like  other  fluids.  Air  compressed  by 
twice  the  weight  of  the  atmosphere,  is  re- 
duced to  half  the  space:  by  four  times  that 
weight,  to  one  quarter  of  the  space;  and  so 
Dn,  in  a  geometrical  progression,  supposing 
the  'degree  of  heat  to  be  always  the  same. 
Air,  at  any  depth  under  watei-,  is  compressed 
by  the  weight  of  the  water :  and  as  a  co- 
lumn of  water  34  feet  in  depth  is  equal  in 

weight 
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weight  to  the  pressure  of  the  atmosphere, 
the  diver  in  his  bell,  when  he  goes  to  the 
depth  of  50  fathom,  breathes  an  air  com- 
pressed by  the  weightx)f  9  atmospheres^  with* 
out  being  d^estroyed-. 

5.  The  elasticity  of  any  parcel  of  air 
which  is  subject  to  the  pressure  of  the  at- 
mosphere, is  equal  to  the  weight  of  the  at- 
mosphere. This  holds  if  the  air  is  ever  so 
much  rarefied.  Let  the  cistern  of  a  barome- 
ter, with  part  of  the  low^r  end  of  the  tube, 
be  inclosed  in  a  flaccid  bladder,  so  as  to  be  - 
air-tight.  When  this  bladder  is  held  near  a 
fire,  and  the  included  air  Js  rarefied  to  twice 
or  three  times  the  first  dimensions,  the  mer* 
cury  will  still  remain  at  the  same  height : 
for  the  rarer  air,  by  the  additional  force  of 
the  expanding  fire,  is  a  counterbalance  to 
the  air  without,  as  it  was  at  first*  What  it 
loses  in  density,  it  gains  in  elasticity ;  or  in 
other  words,  the  elasticity  is  increased  in  the 
same  proportion  as  the  density  is  diminished; 
and  therefore  the  barometer  is  stationary 
under  all  the  variations  of  elasticity  and 
density.  If  a  barometer  could  possibly  be 
placed  where  air  is  thus  rarefied  by  fire  a^ 
hundred  times,  it  would  shew  the  elastic 
force  Qf  that  air  to  be  equal  in  effect  to  the 
p  p  4  ordinary 
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ordinary  pressure  of  the  atmospkere :  aiid  air 
so  rarefied  would  be  a  counterbalance  to  the 
denser  air  of  the  atmosphere* 

(?•  Air  more  condensed  is  rendered  more 
elastic,  by  an  equal  degree  of  heat,  than  air 
which  is  more  rarefied ;  and  this  in  propor- 
tion to  its  densify.  If  air  with  one  degree 
of  density  is  rendered  twice  as  elastic  by  3O0 
degrees  of  heat;  air  with  two  degrees  of 
density  will  become  twice  is  elastic  with  150 
.degrees  of  heat ;  so  that  the  heat  required  to 
produce  a  given  elasticity,  will  be  recipro- 
cally as  the  density.  Here  I  wish  for  a  se- 
pes  of  experiments  to  prove  the  effects  of 
different  degrees  of  heat  on  air  of  different 
densities ;  but  I  cannot  recollect  where  to 
find  them;  and  I  have  neither  leisure,  nor 
apparatus,  to  ma^e  them  for  myself. 

From  this  article,  it  may  be  conceived, 
that  if  air  is  extremely  condensed  at  great 
depths  in  the  lower  parts  of  the  earth,  as  it 
must  be  by  its  situation,  the  application  of 
heat  may  have  such  prodigious  effects  as  tp 
produce  convulsions  in  th^  body  of  the  earth, 
and  even  a  disruption  of  the  parts,  extendr 
jng  to  the  surface.  How  far  quiescent  air, 
when  raised  by  fire  from  the  bodies  wherein 
it  is  lodged,  niay  be  subject  to  the  3ame  l^w? 

with 
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with  condensed  air,  is  worthy  of  inquiry ; 
and  the  subject  comprehends  the  rationale 
qi  the  expansive  force  of  gunpowder,  of 
which  we  have  spoken  in  another  place. 

By  considering  air  as  a  mixture  of  air  and 
^re,  we  may  see  the  rea30^  z^  ^ome  very  ob- 
j^cure  phjpnomena,  which  have  little  or  no 
relation  to  its  elasticity,  One  of  these  I 
shall  ipention  here,  and  reserve  others  for  a 
jptter  place,  A  blast  of  cold  air,  continued 
for  some  time,  will  communicate  heat  to  the 
]6aU  of  a  thermometer,  ^nd  raise  it  several 
degrees ;  as  we  have  already  seen  in  the  Dis- 
cpurse on  Fire.  The, air  impelled  by  the 
1>last  against  the  surface  of  the  glass,  is 
stopped  there;  but  the  fire  that  goes  with 
the  blast  enters  the  surface,  (as  the  finer 
grains  of  any  pulverised  matter  will  pass 
through  a  sieve,)  and  produces  an  agitation 
witjiiii  the  por^s  of  the  included  fluid.  After 
the  saipe  nianner,  the  air  which  enters  the 
)ungs  in  respiration  may  deposit  some  pf  its 
jfire  at  evpry  successive  impression,  and  the 
fund  of  animal  heat  may  be  kept  up  in  part 
pn  this  principle  * ;  though  I  apprehend  se* 

veral 

^  This  idea  has  lately  been  pursued  by  an  ingenious 
writcfj  in  a  pamphlet  on  Anixniil  Heat^  ScCf  whi^  the 

reader' 
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veral  other  circumstatices  must  be  taken  in, 
before  we  can  give  a  satisfactory  account  of 
it :  but.  that  matter  is  not  now  before  us. 

The  elasticity  of  the  air,  as  a  force  or 
fipring  of  motion,  is  applied  mechanically  in 
a  great  variety  of  philosophical  instruments, 
H  particular  accounj  of  which  would  carry 
me  out  too  far,  and  is  not  w^ithin  the  limits 
of  niy  present  design.  The  chief  of  these  is 
the  air-pump;  from  which  the  air  is  eit^ 
bausted  on  the  principle  of  its  own  elasticity. 
Condensed  air,  by  its  pressure  on  the  surface 
of  the  water  contained  in  the  same  vessel 
with  it,  gives  motion  to  thie  stream  of -an  arr 
tificial  fountain.  With  great  condensation, 
it  will  give  motion  to  leaden  bullets  in  an 
air-gun,  much  after  the  manner  of  gunpowr 
der,  and  nearly  with  the  same  force.  Many 
other  applications  of  the  air's  elasticity  are 
described  in  these  books  of  philosophy,  which 
profess  to  deliver  such  things.  Thetre^tise$ 
which  a  beginner  will  find  most  useful,  ar6 
Clare's  Motion  of  Fluids,  and  Regnault's 
philosophical  Conversations,  translated  by 
Dale,  vol  i, 

On 

reader  may  consult.  See  Crawford's  Experiincnts  and  Ob, 
servaticns  on  Animal  Heat,  and  the  Inflgmmatiqn  of  Com- 
bustible Bodies, 
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On  the  JVeight  and  Moisture  of  the 
Atmosphere. 

By  the  word  atmosphere,  we  mean  that 
heterogeneous  mixture  of  air,  vapour,  and 
terrestrial  exhalations,  which  surrounds  the 
sphere  of  the  earth,  and  is  extended  to  the 
regions  of  the  sky.  This  fluid  mass  is  found 
to  gravitate,  or  to  have  weight  upon  the 
iearth  on  which  it  rests;  and  its  parts  arc 
also  found  to  gravitate  upon  one  another,  se 
that  the  inferior  are  more  compressed  than 
the  superior.  If  a  glass  vessel,  open  at  the 
top,  is  covered  closely  with  the  hand,  and 
the  air  is  exhausted  from  the  vessel,  so  that 
the  counterbalance  is  taken  away  from  bcr 
low,  the  incumbent  air  is  immediately  per* 
ceived  to  press  on  the  back  of  the  hand  with 
a  vast  weight,  so  as  to  force  a  considerable 
part  of  the  palm  into  the  orifice  of  the  glass. 
This  occasions  a  sensation  as  if  it  were  a 
suction  from  beneath ;  but  the  whole  force 
is  actually  that  of  a  weight  on  the  upper 
side.  The  whole  surface  of  the  body  is  at 
all  times  subject  to  this  pressure,  which 
amounts  to  about  14  pounds  averdupois  upon 
every  square  inch;  but  force  being  opposed 

to 
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to  force  on  all  sides,  we  are  not  sensible  of 
the  (sffect,  till  the  pressure  is  removed  from 
some  part,  and  the  balance  destroyed.  Air 
is  compressed  by  the  weight  of  incumbent 
water,  as  by  the  weight  of  incumbent  air ; 
and  hence  the  air  contained  in  the  bell  used 
by  divers  is  couipressed  into  half  its  space 
when  the  bell  is  about  30  feet  below  the  sur- 
face, of  the  sea;  at  the  depth  of  60  feet,  or 
10  fajthoms,  it  is  compressed  by  thrice  the 
weight  of  the  atmosphere ;  at  100  feet  it  is 
reduced  to  less  than  one  quarter  of  its  natu- 
ral space :  and  the  effect  of  air  so  compressed 
is  very  hurtful  to  the  blood-vessels  and  the 
auditory  membrane,  so  as  to  endanger  life 
on  some  occasions.  This  shews  us  that  the 
jiatuval  weight  of  the  air  at  the  earth's  sur- 
face is  duly  tempered,  with  consideration  of 
the  welfare  of  man's  body ;  which  would 
suffer  in  some  respects,  if  the  weight  of  the 
air  were  much  greater  or  less  than  it  now  is. 
The  wisdom  of  making  this  provision  is 
ascribed  to  the  Creator,  in  the  book  of  Job, 
chap,  xxviii.  24,  25 ;  He  looketh  to  the  ends 
of  the  earthy  and  seeth  under  the  whole  hea^ 
ten;  to  make  the  weight  for  the  windsy  and 
he  zteigheth  the  waters  by  measure. 

It  was  known  very  ancie^tly,  that  leathern 

bottles, 
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bottles,  when  inflated  with  air,  weighed  more 
npon  a  balance  than  when  they  were  empty 
and  flaccid.  The  like  experiment  may  now 
be  tried  very  cheaply  on  a  blown  bladder, 
which  wiH  be  found  sensibly  heavier  tham 
when  the  air  is  expelled.  In  a  proper  vessel 
of  copper  we  can  weigh  air  of  diffei^ent  den- 
sities, and  compare  them  together;  or  we 
can  exhaust  the  air,  and  weigh  a  vacuum,  at 
least  by  comparison^  By  many  staticsd  ex- 
periments, which  have  been  made  witfr  the 
greatest  circumspection,  it  is  found  that  the 
weight  of  air,  under  a  mean  state  of  the  at- 
mosphere, is  to  the  weight  of  water  as  1  to 
850.  But  the  weight  of  air  is  very  different 
at  different  times ;  and  this  difference  pro- 
ceeds from  two  causes^  When  air  is  more 
rarefied  by  heat,  it  is  lighter ;  when  it  has 
more  moisture,  it  is  heavier.  There  is  a  dif- 
ficulty in  this  part  of  the  subject,  which  I 
^ould  never  clear  up  to  my  own  satisfaction* 
All  other  matter,  but  that  which  is  the  cause 
of  gravity,  must  gravitate ;  therefore  the 
grosser  air  must  gravitate.  Yet  the  gravity 
of  those-  matters  which  are  incorporated  with 
the  air,  interfere  so  much  in  our  e^&perimentsy 
that  it  is  hard  to  draw  the  line  between  the 
native  and  the  adventitious  gxavity  of  air. 

Air 
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Air  is  850  times  lighter  than  water ;  so  that 
water  850  times  rarefied  in  vapour  will  have 
the  same  gravity  as  air :  and  if  air  should 
contain  water  about  1000  times  rarefied,  thea 
the  whole  weight  we  attribute  to  air  will 
nearly  be  dtie  to  the  water  contained  in  it 
I  have  found  cold  moist  air  weigh  heavier 
.than  the  drier  air  of  an  apartment ;  and  this 
under  such  circumstances,  that  I  could  ndt 
but  impute  the  difference  chiefly  to  the  moi- 
sture. It  therefore  seems  to  me  so  difficult 
to  aidjust  the  gravity  of  simple  air,  that  at 
present  I  am  obliged  to  leave  it  for  farther 
examination.' 

That  air  contains  much  watermay  be  shewn 
by  many  experiments.  The  slacking  of  quick 
lime,  by  exposing  it  to  the  air,  shews  us  that 
water  enough  is  applied  for  this  purpose  by 
the  air  itself.  Such  alkaline  salts  as  are  of 
a  mdre  fiery  nature  than  lime,  will  shew  this 
sooner  and  better.  Light  clouds  of  water 
may  be  seen  to  separate  from  the  air,  when 
it  becomes  rarefied  about  ^  or  ^  by  exhaust* 
ion  in  the  receiver  of  an  air-pump ;  and  if  a 
glass  be  never  so  clean  and  dry  when  the  air 
is  exhausted  from  it,  the  air,-  when  re-ad- 
jaitted,  never  fails  to  deposit  a  strong  dew 
all  over  its  internal  jsurface.     The  air  which 

enters 
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enters  first  is  instantly  rarefied,  and  its  vf^,* 
ter  is  separated  from  it,    till  the  quantity 
which  follows  restores  the  equilibrium.  Hence 
it  happens,  that  we  are  obliged  to  wipe  the 
inside  of  the  glass  after  a  few  experiments^ 
if  it  is  required  that  the  vessel  should  be  pel- 
lucid.    To  shew  this  more  sensibly,    let  a 
mixture  of  pounded  ice  and  salt  be  put  into 
any  kind   of  vessel,  and  stirred  about  fof 
some  time.     Though  the  air  of  the  room  be 
ever  so  pure  and  dry  in  appearance,  a  irozen 
dew  will  gather  apace  on  the  outside  of  the 
vessel,  which,  in  a  short  time,  will  increase 
to  a  thick  shining  crust  of  hoar  frost,   with 
which  the  outside  of  the  vessel  will  be  in^* 
vested,  as  high  as  the  freezing  composition 
reaches  within  side.     The  reason  here  is  the 
same  as  before ;  fresh  clouds  of  moisture  are 
presented  every  moment  to  the  outside  of 
the  vessel,  by  reason  of  the  fire  rushing  into, 
it  to  restore  the  equilibrium  ;  ^nd  in  passing 
it  leaves  the  air  and  water  behind  at  the  sur^- 
face,  where  fresh  quantities  of  water  are  ac- 
cumulated and  fixed,  as  the  freezing  pro* 
ceeds.     The  sweating  of  marbles  and  pave^ 
ments  in  warm  moist  weather  is  to  be  ac^ 
counted  for  in  the  same  manner.     During  a 
course  of  cold  \^eather,  the  ston;  pavements 
S  and 
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and  walls  of  a  house,  with  other  solid  objecti^^ 
become  very  cold  ;  but  when  the  wanner  aif 
^titers  the  house  at  a  change  of  weather^  its 
firq  penetrating  cold  bodies,  to  reduce  them 
to  the  general  temper,  deposits  its  vapour 
at  the  surface  in  its  passage.  Every  fluid 
that  is  warm  will  sustain  more  of  any  foreign 
matter  than  the  same  fluid  when  cold ;  there- 
fore warm  air  will  sustain  more  water  than 
cold  air.  This  is  partly  owing  to  the  greater 
agitation  of  bodies  with  a  greater  degree  of 
heat.  Light  bodies  will  float  about  in  dis-« 
turbed  air,  which  settle  to  the  earth  when 
the  air  is  at  rest :  therefore,  in  certain  cases, 
nothing  more  is  requisite  than  a  greater  de- 
gree of  coldness  to  make  tlie  air  drop  its 
moisture.  In  a  frosty  night,  when  the  air 
abroad  is  colder  than  the  air  within,  the 
dampness  of  the  internal  air  settles  on  the 
glass  panes  of  the  windows,  and  is  £rozen 
within  side  into  beautiful  form%  of  which 
we  shall  speak  more  particularly  hereafter. 
•  The  rays  of  light  fronft  the  sun,  moon,,  and 
gtars,  suffer  a  refraction  in  passing  to  a  spec- 
tator upon  the  earth,  through  the  medium  of 
the  atmosphere,  so  that  every  object  in  the 
heavens  appears  above  its  place;  or,  in  other 
terms^  its  apparent  altitude,  by  refraction,  is 

greater 
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greater  than  its  true  altitude;  This-  refrac- 
tion is  greatest  of  all  at  the  horizon,  and 
decreases  very  fast  as  the  altitude  increases ; 
insomuch  that  the  refraction  at  the  horizon, 
differs  from  the  refraction  at  one  degree  above 
the  horizon,  by  about  one-third  part  of  the 
whole  quantity.  At  the  horizon,  in  this  cli- 
mate, it  is  found  to  be  33'  *.  In  climates 
nearer  to  the  equator,  where  the  air  is  purer, 
refraction  is  less ;  and  in  the  colder  climates, 
nearer  to  the  pole,  it  increases  exceedingly, 
and  is  a  happy  provision  for  lengthening  the 
appearance  of  the  light  to  those  regions  so 
remote  from  the  sun,  Gassendus  relates, 
that  some  Hollanders,  who  wintered  in  Nova 
Zembla,  in  lat.  75°,  within  15  degrees  of  the 
pole,  were  surprised  with  a  sight,  of  the  sun 
17  days  before  they  expected  him  in  the  ho- 
rizon. This  difference  was  owing  to  the 
greater  refraction  of  the  atmosphere'  in  that 
voE.  IX.  E£  latitude; 

♦  A  table  of  refractions,  calculated  by  Sir  Isaac  Newton, 
and  given  to  Dr.  Halley,  is  to  be  found,  together  with  some 
observations  upon  it,  in  Phil,  Trans.  Abr.  vol.  Vi.  p.  167, 
This  table  was  afterwards  much  improved  by  Dr.  Bradley, 
I  have  a  table  of  refractions  in  manuscript,  under  the  name 
of  Mr.  Flamstead,  which  is  very  nearly  the  same  with  that 
afterwards  published  by  Dr.  Halley.  Dr.  Bradley's  table 
i«  calculated  for  that  state^of  the  air  when  the  barometer  is 
at  29.6,  and  tbc  thermometer  at  50^  of  Fahrenheit* 
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Ia4;it44e ;  And  if  W9  (computi^  w^  nhall  find 
th^t  the  difference  of  the  «un'8  declination 
for  tli4t  time  amounts  to  mor^  thaji  four  de« 
greeft.  The  sun  should  h^e  appeiaf  ed  to  them 
when  his  declination  south  was  1^  degrees; 
but  he  appeared  17  days  earlier,  vhen  his 
declination  was  19^  42''.     This  i^  a  prodi- 
gioi^s  difference,  not  to  be  accounted  for 
from  the  density  of  the  air,  as  measured  by 
the  l>arometer ;  we  must,  therefore,  have  re- 
course to  the  density  of  the  frozcQ  vapours 
\n  (he  sky.     An  atmosphere  of  this  kind  at 
(ludfon's  Bay,  16  degrees  farther  from  the 
ppie  than  Nova  ZJembla,  is  described  by  Cap- 
tain Middleton :  '^  The  air  is  filled  with  in- 
**  ^^^merable  pgrtiples  of  ice,  very  sharp  and 
*^  angular,  and  plainly  perceptible  to  the 
'^  fi2^k«d  fye*    I  have  several  times  this  win^ 
^^  ter  tried  to  make  observations  of  some 
'^  celestial  bodies,  particularly  the  emersions 
*'  of  the  satellites  of  Jupiter,  with  reflecting 
**  and  refracting  telejicopes ;  but  the  metals 
**  and  glasses,  by  that  time  I  could  fix  them 
*^  to  the  object,  were  covered  a  quarter  of  m 
^'  inch  thick  with  ice  *."    The  variations  of 
the  barometer,  though  greater  in  the  more 
Ijortherly  parts  than  with  us,  are  yet  incon- 

siderabki 
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siderable,  compared  with  the  variattonB  x£ 
refraction.  Many  observations  hdve  con- 
vinced me,  that  the  barometer  is  not  an  indeJ: 
to  the  refraction  of  the  air ;  the  differences 
of  which  arise  chiefly  from  the  coldness  of 
the  air,  and  the  density  of  the  vapours: 
whence  it  seems  reas^onable  that  the  whole 
refraction,  whatever  it  may  be,  should  rather 
be  ascribed  to  aerial  vapours,  than  to  the  air 
considered  simply  in  itself. 

During  my  residence  at  Wadenho,  iu 
Northamptonshire,  about  the  year  1760,  &c. 
where  I  was  master  of  an  observatory,  which 
I  had  built,  and  furnished  with  instruments 
chiefly  of  my  own  constructing ;  I  had  daily 
opportunities  of  observing  the  refrtictions  of 
the  atmosphere,  though  I  never  raised  any 
theory  from  my  observations,  nor  were  thciy 
sufficient  for  the  purpose.  I  find,  by  my  re^ 
gister,  that,  in  the  month  of  April  1760,  when 
the  weather  Vas  clear  and  frosty,  the  point 
of  a  spire  steeple  near  the  horizon,  at  ths 
distance  of  eight  miles,  appeared  hi^er  ixi 
the  morning  and  after  sun-set  by  2'  3I'% 
than  at  the  noon  of  the  same  day ;  and  thiis 
it  would  continue  rising  and  falling  at  difler-^ 
felt  hours  of  the  day,  thougli  the  baromettff 
was  all  the  time  invariably  at  the  point  of  50 
£  £  2  inches. 
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inches.  If  the  barometer  were  a  true  Index 
to  the  density  of  the  air,  and  if  the  refrac- 
tion of  the  air  were  as  its  density,  refraction 
might  then  be  truly  estimated  by  the  baro- 
meter :  but  neither  of  these  principles  are 
true ;  for,  as  we  have  seen  above,  the  baro- 
meter will  be  at  the  same  height,  according 
to  circumstances,  with  air  of  different  den- 
sities ;  and  air  of  the  same  density  will  be 
differently  charged  with  vapours,  according 
to  the  state  of  the  weather,  or  the  influence 
of  the  sun  at  different  hours  of  the  day.  The 
thern\ometer  is  a  better  direction  in  this  re- 
spect than  the  barometer ;  and  I  would  add 
to  both,  where  it  conveniently  can  be  done, 
a  telescope  with  a  micrometer  fixed  to  a 
certain  distant  object  near  the  horizon.  I 
shall  dismiss  the  subject  of  refraction,  after 
I  have  mentioned  one  remarkable  case  related 
in  the  Philosophical  Transactions,  by  Dr. 
Nettleton  :  ^ '  I  frequently  observed, "  says 
he,  *'  by  pointing  a  quadrant  to  the  tops  of 
^'  some  6f  our  neighbouring  mountains,  that 
^'  they  would  appear  higher  in  fhe  morning 
^'  before  sun-rise,  and  also  late  in  the  eyen- 
^*  ing,  th^n  at  noon,  in  a  clear  day,  by  se^ 
*Weral  minutes:  particularly  one  morning 
^'  i|i  December  l^^t,  when  the  vapours  lay 

**  goR» 
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^*  condensed  in  the  vallies,  and  the  air  above 
'*  was  very  pure,  the  top  of  a  mountain  at 
**  some  distance  from  hence  appeared  more 
\^  elevated  by  above  30  minutes,  than  it  had 
'^  dojie  in  the  beginning  of  September,  about 
**  noon,  on  a  very  clear  day*." 

When  the  air  is  so  loaded  with  vapours 
that  we  view  objects  through  a  mist,  they 
appear  larger  to  us,  as  if  the  mist  had  a 
magnifying  power.  But  here  we  are  under 
a  deception ;  for,  because  those  objects  are 
not  seen  so  distinctly  as  they  ought  to  be, 
we  refer  them  in  our  judgment  to  a  wrong 
distance,  at  which  they  would  appear  under: 
a  smaller  angle  to  the  eye. 

The  transparency  of  the  air  upon  the  con- 
tinent, so  much  greater  than  we  are  accus- 
tomed to,  who  inhabit  an  island,  has  a  sur- 
prising effect  in  deceiving  the  judgment  of 
E  E  3  strangers, 

*  See  Phil.  Trans.  Abr.  vol.  vi.  part  ii.  p.  44* 
The  ingenious  Mr.  Brydone,  in  his  Travels  into  Sicily^ 
is  persuaded  that  the  height  of  ^tna  might  be  accurately 
taken  by  geometrical  mensuration  ;  but  I  apprehend  the  re- 
fraction occasioned  by  Ihe  difference  between  that  rare  me- 
dium at  the  summit,  and  the  air  at  the  level  of  the  sea^  is  at 
all  times  so  considerable,  and  so  difficult  to  be  ascertained, 
that  it  will  be  an  insuperable  objection,  and  the  mountain 
by  this  method  will  always  be  computed  to  be'higher  than  it ' 
really  is*  See  vol.  K  p.  2S5«  edit*  3. 
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stiaagers,  ^li  respect  to  distances.  Objects 
are  never  nvont  to  be  seen  very  distinctly 
with  us,  unless  they  are  near  at  hand ;  but 
there,  objects  at  great  distances  are  much 
more  clearly  distinguished.  When  you  are 
sitting  in  an  air  so  hot  as  to  make  your 
clotfaes  insupportable,  you  will  think  you  are 
just  bordering  iq>on  the  regions  of  firost  and 
snow,  the*  white  heads  of  the  Alps  appear  so 
distinct  and  so  near  at  hand  VHien  you  sit 
at  Naples,  and  look  over  the  bay  to  the  island 
of  Cs^rea,  the  objects  in  it  are  so  distinct 
that  you  would  suppose  it  to  be  six  n^es  off 
at  the  farthest  A  gentleman  who  resided 
there  some  time,  and  had  a  desire  to  visit 
the  island,  assured  me  he  should  have  ven- 
tured to  it  in  an  open  boat  if  he  had  not  been 
better  advised.  This  island  is  really  at  th^ 
distance  of  27  miles ;  and  there  is  generally 
a  large  surf,  which  makes  it  impossible  to 
land  in  a  small  vessel ;  but  the  waves  are  so 
diminished  by  their  distance,  that  the  sea 
fippears  smooth  and  flattering  to  those  whQ| 
fti^bark  at  Naples. 

On  tke^  Motion  of  the  Air  in  fFind^  and  it$ 
Velocity. 

Air  retains  its  name  so  long  as  it  is^iiet; 

or 
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or  moves  gently ;  but  when  it  moves  with 
force,  it  is  called  tvind.  Tlii^  distinction, 
being  founded  in  nature,  occurs  in  other  lan- 
guages. In  Latin,  air  has  the  name  of  (turdf 
and  spirituSy  from  spiro^  to  blow  or  breathe, 
while  its  motion  is  moderate ;  but  if  it  be- 
comes more  violeftt,  it  is  called  *oentus. 

Naturalists  have  many  experiments  to  il- 
lustrate the  several  principles  6n  which  wind 
is  produced.  According  to  the  season  or  the 
place,  winds  are  sometimes  def ived  from  one 
of  these  principles,  sometimes  from  another, 
and  it  happens  not  seldom  that  diiferebt 
causes  conspire  together. 

Ynt  or  heat,  which  gives  ela^icity  to  thi 
air,  is  also  the  principal  caus€  of  the  windtl, 
as  will  be  considered  more  particularly  in  th6 
Discourse  upon  the  Weather.  No  fire  c«<l 
burn  without  producing  two  currents  of  aii^ ; 
one  toward  it,  and  another  from  it.  In  the 
firing  of  gunpowder  in  the  open  air,  it  il 
very  remarkable  that  any  light  body  suspiend^ 
ed  near  the  blast,  so  as  to  riidve  freely,  \i 
fest  attracted  by  the  fire,  and  then  repelled, 
-which  looks  as  if  the  first  impulse  was  from 
the  air  acting  on  fire  before  the  fire  can  act 
upon  that.  However  this  may  be,  it  is  cer- 
tain t^t  air  flows  toward  n,  fire  in  a  dense) 
£  £  4  state, 
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state^  and  from  it  in  a  more  expanded  or  rar 
refied,  when  it  is  carried  aloft  with  smoke 
and  vapour.  These  two  currents  in  common 
cases  move  obliquely,  as  if  one  was  a  conti- 
nuation of  the  other ;  but  it  is  possible  for 
them  to  move  in  contrary  directions,  and 
even  to  touch  one  another.  At  the  mouth 
of  a  heated  oven,  after  all  the  fire  has  been 
long  withdrawn,  we  feel  a  wind  which  enters 
it,  and  another  which  comes  out  of  it.  The 
fiame  is  with  good  reason  supposed  to  happen 
at  the  torrid  zone,  where  a  denser  wind 
comes  in  below,  nearly  at  right  angles  to  the 
equator,  and  a  more  rarefied  one  is  flying  off 
above  toward  the  poles.  Some  of  these  things 
have  already  been  considered  in  the  Discourse 
upon  Fire ;  but  the  two  sulpjects  are  so  nearly 
allied  in  many  particulars,  that  it  is  scarcely 
possible  to  avoid  some  repetitions. 

If  air  is  rarefied  by  diminution,  as  when 
part  of  it  is  exhausted  from  a  vessel ;  other 
air  will  endeavour  to  press  in,  and  restore 
the  equilibrium :  and  it  is  a  general  rule, 
that  air  which  is  denser  flies  to  that  whicU  is 
rarer,  if  fire  conspires  with  the  motion :  if 
air  if  condensed  in  any  close  vessel,  it  will 
rusjb  out  with  violence  as  soon  as  it  has  li- 
berty :  and  this  way  also  a  wind  will  be  pro- 

d,uced : 
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duced :  and  in  every  case,  the  more  the  equi- 
librium is  interrupted,  it  will  be  restored 
with  the  greater  force. 

Another  origin  of  wind,  and  that  of  very 
great  consideration,  is  from  the  body  of  the 
earth.  At  great  depths,  and  in  cold  caverns 
of  vast  rocks,  which  have  communication 
with  the  lower  parts  by  cracks  and  fissures, 
the  air  will  in  many  places  be  much  con- 
densed, and  will  be  coming  forth  continu- 
ally, as  occasion  requires,  to  keep  a  balance 
above,  and  temper  the  changes  of  the  atmo- 
sphere. There  are  likewise  certain  materials 
in  the  earth,  and  in  the  waters,  from  whence 
large  quantities  of  air,  first  deposited  and 
then  discharged  by  a  process  of  natural  che- 
mistry, are  sent  abroad,  either  by  means  of 
the  sun's  action  from  above,  or  subterra- 
neous fires  below,  or  fermentations  arising 
from  accidental  mixtures,  to  keep  up  the 
common  stock,  and  excite  such  ventilations 
as  are  necessary  to  the  welfare  of  the  world. 

On  all  the  above  principles  winds  are  ge-^ 
nerated  ;  and  there  may  be  others  unknown 
•to  us :  for  the  production  of  wind  is  a  sub- 
ject too  cpmplicated  and  obsjcure  to  be  un- 
derstood in  all  its  parts.  The  derivation  of 
winds  from  the  fissures  and  caverns  of  the 

earth, 
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earth,  hai  been  treated  by  same  tB  fahulonn; 
but  it  is  a  question  of  great  importance  to 
the  true  philosophy  of  the  lir  j  and  therefore 
I  shall  resume  it  in  another  place,  to  which 
it  properly  belongs.     There  is  undoubtedly  a 
provision  made  for  the  recruiting  of  the  at- 
mosphere by  a  chemistry  carried  on  below. 
All  sorts  of  exhalations  are  sent  up  from 
thence  to  the  superior  air ;  such  as  hot  ra- 
pours,  cold  blasts,  vatery  steams,  and  fiery 
eruptions.    It  was  said  above,  that  the  wind 
will  blow  from  any  space  where  the  air  is 
more  condensed   than  that  with  which  it 
communicates:   consequently,   it  will  blow 
from  a  space  where  the  barometer  has  been 
found  to  stand  higher  in  the  cold  caverns  of 
a  rocky  mountain,  than  in  the  free  air  of 
the  same  region ;  whence  a  wind  must  ne- 
cessarily follow  from  the  mountain  into  the 
atmosphere;   and  so  it  was  observed,   that 
cold  chilling  blasts  were  breaking  forth  from 
the  vents,  or  spiraciUa,  as  they  are  called,^  of 
the  place. 

It  is  agreeable  to  'the  laws  of  mechanicsy^ 
that  when  the  wind  has  greater  force,  it  must 
have  greater  velocity,  supposing  its  density 
%o  be  the  same :  but  we  seem  to  have  no  rule 
established  for  tliscovq'ing  its  velocity  from 

its 
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its  Force,  as  we  can  infer  the  velocity  of  a 
bullet  from  the  effect  of  its  blow  upon  a  pro- 
per obstacle.  Custom  has  given  different 
names,  which  afford  a  gross  distinction  be- 
tween winds  of  different  forces ;  as  a  gentle 
air,  a  brisk  air,  a  fresh  gale,  a  hard  gale,  a 
storm,  a  violent  storm,  a  hurricane, 

When  there  are  detachments  of  clouds 
with  a  mixture  of  sunshine,  the  velocity  of 
the  wind  may  be  nearly  traced  by  the  flight 
of  their  shadow  along  the  ground :  and  when 
the  wind  is  brisk,  its  course  may  be  at  the 
rate  of  10  or  IS  miles  in  an  hour.  In  storms, 
when  the  heavens  are  dark  with  clouds,  if  the 
w^d  rages  by  violent  gusts  at  intervals, 
which  commonly  is  the  case,  a  grove  of  treesi 
may  be  seen  to  bend  under  the  forces  and  if 
its  course  is  attended  to,  other  trees  at  a  suf- 
ficieat  distance  may  be  seen  to  bend  under 
the  same  blast ;  so  that  the  space  run  over  iil 
a  given  time  may  be  discoveired.  By  this 
rule  it  has  been  found  that  the  wind  in  gr^at; 
storms  dies  at  the  rate  of  6o  miles  in  an 
houF:  some  say  70,  or  upwards.  This  is 
only  -fr^  part  of  the  velocity  of  sound :  but 
that  depends  on  another  affection  of  the  same 
element.  When  the  air  first  begiijs  to  rush 
into  the  vacuum  of  an  air-pump,  its  nu>tion 

has 
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has  been  calculated  at  1300 feet  in  a  second; 
which  is  beyond  the  velocity  of  sound :  and 
hence  it  has  been  collected,  that  one  inch 
difference  of  the  barometer  may  be  sufficient 
to  raise  a  storm. 

The  velocity  of  the  air  which  follows  a 
cannon  bullet  in  its  flight,  is  so  great,  that 
the  force  of  it  is  reported  to  have  occasioned 
such  a  violent  bruise  as  brings  instant  death 
to  those  who  are  within  the  sphere  of  its 
action.  Niewentyt  has  an  easy  experiment 
to  shew  that  such  a  wind  alwajfs  follows  a 
projectile.  If  a  bullet  is  dropt  from  some 
height  into  a  vessel  of  water,  the  air  that 
follows  it  will  descend  along  with  it  into  the 
water,  and  come  up  again  in  bubbles  to  the 
surface.  When  the  hand  is  moved  swiftly 
through  the  air  with  the  palm  foremost,  a 
cold  wind  may  be  felt  very  sensibly  upon  the 
back  of  it.  Hence  it  has  been  inferred,  that 
a  storm  of  hail,  which  consists  of  an  infinite 
number  of  small  projectiles,  may  be  suffi* 
cient  to  raise  a  temporary  wind  in  the  air. 

It  i§  vulgarly  supposed,  that  the  wind  has 
a  straight  course,  and  blows  directly  from  a 
certain  point  of  the  compass  to  the  point 
that  is  opposite.  This  is  true  in  a  larger 
sense;  but  if  we  observe  it  more  accurately, 

we 
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Av^e  shall  find  that  it  never  holds  truly  to  th« 
same  direction.  Upon  a  level  tract  of 
ground  covered  with  snow,  I  have  observed, 
that  its  course  is  constantly  in  serpentine 
lines.  The  like  may  be  seen  in  a  field  of 
standing  corn,  which  plainly  shews  the  ob- 
liquity of  its  motion  ;  and,  to  a  discerning 
eye,  this  irregularity  is  productive  of  that 
line  of  beauty,  which  communicates  a  cer- 
tain elegance  to  all  objects  wherein  it  is 
found.  The  same  kind  of  motion  is  pro- 
duced in  the  waves  of  the  sea:  which  form  a 
pleasing  spectacle  by  the  variety  of  their 
undulations :  and  when  a  long  pendant  from 
the  mast-head  is  flying  aloft  in  the  wind,  it 
is  never  extended  into  a  straight  line,  but  has 
a  curling  motion  which  varies  every  mon^ent. 
We  may  carry  this  so  far  as  to  suppose,  that 
no  two  blasts  of  air  from  the  creation  of  the 
world  have  been  perfectly  of  the  same  figure. 
If  we  look  into  the  reason  of  this,  it  must 
generally  happen,  that  when  two  fluids  which 
mutually  penetrate  each  other  are  mixt  to- 
gether, there  will  be-a  certain  resistance  on 
the  part  of  both,  which  will  occasion  a  mul- 
tiplicity of  dcviatioiis  from  straight  lines  into 
curves.  When  wind  blows  through  the  air, 
it  is  pot  trajected  acj-oss  a  free  space,  but  in- 
sinuates 
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sittuates  Itself  into  a  space  already  filled  ^th 
other  matter:  consequently,  when  air  impeb 
air,  a  condensation  must  ensue;  and  the 
medium  being  elastic,  the  adventitious  air, 
when  deflected  toward  one  side,  will  be 
turned  off  by  the  re-action  of  the  air  which 
is  already  in  possession ;  and  thus  an  oscil- 
lation will  prevail,  till  the  equilibrium  is  re- 
stored and  the  medium  is  at  rest. 

It  is  evident  to  sight  that  there  is  at  all 
times  an  undulation  in  the  air,  even  in  a 
•close  room,  by  the  motes  that  are  seen  to 
play  about  in  the  sun's  rays,  whenever  the 
room  is  made  dark  for  optical  experiments : 
«nd  though  this  motion  is  sometimes  very 
occult  and  slow,  yet  it  always  subsists  in 
some  degree  J>y  day  and  by  night.     This 
motion  may  be  the  cause  of  some  effects, 
Vhich  arise  too  slowly  for  us  to  perceive 
them  till  they  are  finished.     It  may  assist  in 
vegetation,  to  give  form  and  flexure  to  plants 
according  to  the  nature  of  the  materials: 
and  I  think  we  have  an  obvious  example  of 
its  influence  in  those  elegant  delineations 
which  are  formed  on  the  panes  of  glass  win- 
dows, when  the  air  of  the  room,  as  it  fluctu- 
ates with   this   subtile  vermicular  motion, 
deposits  its  moisture  to  be  gradually  frozen 
3  b)' 


i 


Air  in  Wind,  and  i6  Velocity.       431 

hf  coldnets  of  the  external  air.  No 
^  of  herbs  or  flowers  can  exceed  the 
loin  and  variety  vith  which  these  lined 
drawn.  Several  years  ago  I  selected 
of  these  as  specimens,  and  copied  them 
i  paper*.  The  like  elegant  hnes  are 
rtimes  to  be  seen  on  frozen  mire ;  and 
occur  likewise  in  some  crystallizations. 
lution  of  sal  ammoniac,  and  some  viiri* 
solutions,  particularly  of  the  blue  vi- 
f.  arrange  themselves  upon  glass  with  the 
;  elegant  foliage.  I  have  never  tried 
these  crystallizations,  which  I  have  sup* 
d  to  receive  their  configuration  from  an 
iilating  motion  of  the  air,  will  succeed  in 
to*  Scheuchzer,  in  his  Herbariilm  Di* 
wum,  gives  us  a  curious  figure  of  this 
1,  formed  on  the  inner  surfaice  of  a  glato 
le  in  the  hard  frost  of  January  1709>  one 
he  years  distinguished  by  a  severe  and 
ng  frost  all  over  the  more  northerly 
s  of  Europe :  this  delineation  exactly  re- 
enta  the  muscus  clavatus  repens,  or  lyco^ 
um.  His  words  upon  it  are  these: 
gur^  rarissimi  cujusdam  in  aere  rigen- 
asimo  motiW  index,  de  quo  aliorum  ju<- 
icia  flJidire  ipalo>  quam  immaturum  quid 

**  e  pro- 

*  Sec  plate  UL  fig.  }.  axid  2. 
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**  e  proprio  proferre  cerebro.  Digniim  utfque 
*^  est  hoc  problema,  quod  subtilissimorum 
**  philosophorum  exerceat  ingenia*."  He 
goes,  however,  nearly  as  far  as  I  have  done, 
in  understanding  this  phsenomenon  to  .have 
been  occasioned  by  a  subtile  motion  in  the 
frosty  air.  In  a  severe  frost,  w.hen  Fahren- 
heit's thermometer  was  17°  below  the  freezing 
point,  I  poured  a  tea-spoonful  of  water  into 
a  substantial  phial  of  flint-glass,  nearly  of 
the  same  coldness  with  the  external  air;  and 
having  shaken  it  to  spread  the  water  sud- 
denly, the  inner  surface  of  the  phial  was  in- 
stantly covered  with  stars  of  ice,  almost  as 
regular  as  if  they  had  been  drawn  by  design. 
I  could  never  succeed  in  this  afterwards:  but 
it  gave  me  an  idea  which  I  have  retained  ever 
since,  viz.  that  there  is  a  degree  of  expan- 
sive radiancy  in  every  point  of  space,  even 
when  the  atmosphere  is  affected  with  intense 
coldness. 

On  the  TofTicellian  Tube. 

The  Torricellian  tube,  which  is  also  called 
a  barometer,  because  it  measures  the  weight 
of  the  air,  is  an  instrument  now  so  univer- 
sally 
•  Sec  Herb.  Diluv.  plate  VIII.  fig.  u 
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sally  known,  that  I  need  not  spend  any 
words  in  describing  it,  and  to  avoid  prolixity 
I  mnst  suppose  my  reader  to  understand  it : 
if  he  does  not,  I  must  refer  him  to  the  first 
'  experiments  of  this  kind  described  by  the 
Academy  del  Cimento,  and  to  the  learned 
Mr.  Cotes's  Pneumatical  Lectures,  which 
explain  it  very  particularly. 

My  design  requires  me  to  observe,  that 
there  are  three  different  ways  of  making  the  • 
experiment  with  a  glass  tube  and  mercury, 
all  of  which  are  of  great  importance  in  phi- 
losophy. The  first  method,  and  the  most 
common,  is  to  take  a  clean  glass  tube  about 
33  inches  in  length,  and  open  at  one  end, 
which  being  perfectly  filled  with  pure  quick- 
silver and  inverted  into  a  cistern,  and  then 
elevated  till  it  is  truly  perpendicular,  the 
fluid  subsides  to  29  inches  and  a  half,  English 
measure,  more  or  less  according  to  the  state 
of  the  air  wht\f.  the  experiment  is  made. 
The  space  deserted  by  the  mercury  at  the 
crown  of  the  tube  having  no  air  in  it,  the 
external  air  presses  up  the  mercury  to  supply 
the  vacuity,  till  it  sustains  a  column  equal 
.  in  weight  to  itself:  for  it  is  obvious,  that  the 
mercury  endeavours  to  descend,  by  its  gra- 
vity, with  a  force  equal  to  that  by  which  its 

VOL.  IX.  F  F :  descent 
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descept  i^  prevented*  This  force,  coAsidered 
as  a  weight,  is  aboat  14  pounds  upon  every 
square  inph :  but  the  atiiiospber?  bein^  tica- 
vier  at  siome  tiQi9,s  than  others^  the  column 
of  mercuvy  ris^s  and  falls,  from  such  causes, 
as  give  us  notice  of  approaching  changes  of 
the  n^eatlier:  and  hence  the  instrument  is 
commonly  used  as  a  weatber-glasa% 

The  column  of  inercury  thus  stustained  in 
the  tube  do^  not  pres3  upon  the  fluid  hx  the 
cistern^  nor  weigh  together  with  it^  thpugh 
it  has  a  free  communication :  but  its  whole 
gravity  goes  with  that  of  the  tube  which 
contains  it.    Thi^  may  easily  be  proved,  by 
adding  a  cap  and  a  ring  to  the  qrow^  of  the 
tube,  and  suffpen4xng  it  to  the  arm  of  a  ba- 
lance while  it  communicates  with  its  cistern ;, 
which  experiment,  if  I  remember  right,  wias 
first  made  by  Sir  Samuel  Moreland.     But  it 
is  scarcely  necessary;    because  the  fact  is 
evident,  when  water  is  used  instead  of  mer- 
cury.    The  water  does  not  fall  from  tl» 
tube,  though  the  open  end  is  exposed ;  and 
consequently  must  add  its  own  weigpht  to.tbe 
weight  of  the  tube  which  holds  k.    iU.water 
is  14  times  lighter  than  mercury^  a  cqlumn 
of  water  will  rise  inito  a  vqwI  space  14  times 
higher  than  mercury,  to  make  a  cowiterpoise 
'  ' .        to 
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to  the  atmosphere:  and  hence  a  common 
pump,  when  its  sucker  and  valves  make  a 
vacuum  at  the  top  of  the  pipe,  will  raise  wa» 
ter  from  a  well  nearly  to  the  height  of  34 
feet :  which  principle  is  variously  applied  in 
hydraulic  engines. 

A  second  method  of  making  the  Torrice^ 
lian  experiment,  is  to  fill  a  tube  partially 
with  mercury,  leaving  some  air  at  theorificei 
which,  when  the  tube  is  inverted,  will  tiH 
to  the  top ;  and,  as  the  mercury  subsides^ 
that  air  wiU  be  dilated,  till  its  elasticity,  add'' 
ed  to  the  gravity  of  the  mercury,  is  a  coun*^ 
terbalance  to  the  atmosphere*  When  one 
inch  of  air  is  lefl  at  the  open  end  of  the  tube, 
adftd  the  dilation  of  it  is  observed  after  the 
tube  is  inverted ;  it  will  be  found,  that  i£^ 
two  inches  of  air  are  left,  ^the  dilatation  will 
not  be  directly  as  the  qiuantities  dilated,  but 
in  another  proportion*  Wha^t  proportion  thf 
dilatation  observes  ii)- all  c^sea^  with  respect 
to  tilt  quantity  of  air  Wmitted,  does  notap^ 
pear  from  any  experiments  1  have  hitherto 
met  with>  in  all  of  \rhiGbtlicreis  aperpleiiity 
and  obscurity  whichX^nnot  develop  to  my 
satts&ction.  Thus  much  appears  from  them, 
that  the  dUatation,  C(]eteris  paribus^  does  not 
jr  r  S  observe 
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observe  the  same  law  in  distant  climates  * : 
whence  it  seems  probable,  that  the  elasticity 
of  the  air  is  not:  always  as  its  density,  even 
supposing  the  beat  ^Iso  to  be  the  same,  as  if 
there  were  some  latent  principle  in  the  con- 
stitution of  the  air  of  countries  far  distant 
from  eaclv  other,  which  affects  its  elasticity, 
and  with  which  we  are  not  at  present  ac- 
quainted. The  experiments  of  which  I  am 
here  speaking,  seem  to  have  been  defective 
in  this  respect,  viz.  that  the  dilatations  of 
the  air  were  nob  simply  examined  as  they 
ought  to  have  been,  but  confounded  with  an 
uncertain  proportion  of  the  Torri6elRan  va- 
cuum. For  the  purpose  of  these  experihients 
I  would  rec^wnmend  a  tube  exactly  of  the 
length  of  the  mercurial  column  for  the  time 
being,  rather  choosing  to  take  it  at  the  mean 
station  :  thus  the  dilatation  observed  would 
be  purely  a  dilatation  of  atmospherical  air, 
and  we  should  be  better  able  to  judge  of  the 
law  which  the  dilatation  observes,  and  of  the 
comparative  elasticity  in  distant  climates, 
It  is  likewise  obvious,  t^at  an  equal  bore  of 
the  tube  in  all  its  parts,  as  far  as  may  be,  is 
•    .  .  .      necessary 

*  Sec  Mem,  of  the  Royal  Acad',  of  Riris,  Vol.  ir.  N^  S8. 
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necessary  to  the  accuracy  of  these  experi- 
ments. 

There  is  yet  a  third  way  of  filling  the  Tor- 
ricellian tube,  which  differs  essentially  from 
the  two  former.  If  a  tubeof  six  feet  long, 
perfectly  clean  and  dry,  is  filled  with  the 
purest  quicksilver,  purged  of  ite  air  to  the 
uttermost  by  being  boiled  in  the  tube ;  the 
mercury  thus  prepared  will  not  fall  to*  the 
level  of  the  common  barometer  when  the 
tube  is  warily  inverted,  but.the  wl)ol(^  cot 
lumn  will  be  sustained  till  it  is  made  to^all 
by  some  shock  or  stroke  upon  the  crowi^  of 
the  tube.  How  far  this  experiment  may  be 
carried,  when  made  with  every  possible  ad- 
vantage, we  cannot  say:  it  has  succeeded  to 
the  height  of  7^  inches* 

Thus  stands  the  fact,  and  as  it  is  a  fact  of 
the  utmost  consequence  in  philosophy, /let 
us  give  it  due  attention,  and  find  out  the 
reason  of  so  extraordinary  a  phflsnomen'on  ; 
in  order  to  which,  it  will  be  necessary  to  pre- 
mise  the  following  lemmata. 

Lemma  1.  Quicksilver  does  not  adhere  to 
glass  in  the  manner  that  water  appears  to  do: 
a  drop  of  water,  as  it  runs  down  the  surface 
pf  a  vertical  plate  of  glass,  will  be  applied 
to  the  glass,  and  a  part  of  it  will  remain 
F  F  3  there; 
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there  ;  but  a  drop  of  i|uicksilTcr  Will  roll  off 
without  the  adhesion  of  the  smallest  particle.  . 
It  is  farther  evident  from  experiment,  that 
quicksilver  tends  toward  quicksilver  with 
more  force  than  quicksilver  tends  toward 
glass ;  for  which  reason,  while  other  lighter 
fluids  are  raised  in  a  capillary  tube  of  glass, 
quicksilver  is  depressed.  Mr.  De  Luc>  in 
his  late  experiments  on  the  barometer,  has 
actually  detected  a  repulsion  between  glass 
and  mercury,  so  that  they  are  naturally  dis- 
posed to  separate ;  and  the  barometer  is  liable 
to  an  error  on  this  principle,  which,  in  accu- 
rate experiments,  it  is  necessary  to  correct*. 
Therefore,  if  a  column  of  this  fluid  is  ex- 
tended  within  a  glass  tube,  it  will  cbntract 
itself  and  collapse  into  the  cistern,  unless 
some  other  cause  should  interfere. 

Lemma  fi.  Hiere  is  a  medium  more  subtile 
than  air,  which  yet  is  not  subtile  enough  td 
pass  through  the  substance  of  glass ;  at  least 
not  through  glass  of  any  considerable  thick- 
ness. This  is  now  so  well  known  from  many 
experiments  in  electricity,  that  it  is  not  ne- 
cessary to  introduce  a  detail  of  experiments 
in  this  place  for  the  proof  of  it. 

Lemma  3. 

•  Sec  Mr,  Dc  Luc's  wQrk  on  the  BarometcTr.  or  Phil. 
Trans,  1771,  No.  20,  by  the  Aitronomer.rQyal, 
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Lemhia  3,  Every  body  thit  is  left  at  rest 
in  a  free  space  (or,  where  it  has  liberty  of 
motion,)  will  not  remain  at  rest,  but  will  be 
movfed  by  the  principle  of  gravity,  till  it 
meets  with  some  impediment,  unless  the 
cause  of  gravity  should  be  suspended,  or  some 
superior  force  should  act  against  it. 

Thiese  things  being  admitted,  which  cannot 
be  denied,  inasmuch  as  they  are  all  demon- 
strable by  experiment,  the  fact  in  question 
will  give  us  butlittle  trouble.  By  Lemma  1, 
the  column  is  not  suspended  by  any  attrac- 
tive Jjower  in  the  glass  of  the  tiibe :  by 
Lemma  3,  it  does  not  remain  at  rest  from  the 
inertia  of  matter ;  therefore  ii  is  supportfed 
by  the  pressure  of  some  medium ;  and  as  the 
air  alone  is  not  adequate  to  the  effect,  we 
roust  have  recourse  to  another  medium  more 
subtile  and  more  powerful  than  air. 

The  pressure  of  the  atmosphere,  in  a  larger 
^ense,  is  the  pressure  of  ait  and  fire;  it  is 
not  the  pressure  of  air  only,  but  the  pressure 
of  both,  as  we  have  already  seen  in  a  former 
part  of  this  discourse.  Sometimes  these  two 
act  against  each  other,  as  in  the  case  of  the 
common  barometer;  and  fcometimes  they 
conspire  together,  as  in  the  case  of  the  other 
f  F  4  extra- 
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extraordinary  column.  When  a  tube  of 
^lass  is  open  at  both  epds,  so  that  the  atmi^ 
sphere  has  access  to  each,  the  air  then  acts 
against  itself,  and  the  mercury,  falls  by  its 
gravity  to  a  level  with  the  cistern.  When 
the  upper  end  is  closed,  the  air  then  acts  at 
one  end,  and  not  at  the  other;  and  this  is 
the  reason  why  the  mercury  is  sustained  in 
the  tube,  till  it  is  a  counterbalance  to  the 
atmosphere.  The  same  principle  will  suffice 
to  account  for  the  higher  column.  When 
the  more  subtile  medium  which  can  penetrate 
the  mercury  has  possession  of  the.  cavity  in 
the  upper  part  of  the  tube,  it  acts  at  each 
end,  and  being  thus  a  counterbalance  to  it- 
self, nothing  remains  but  the  pressure  of  the 
air,  which  supports  a  column  equal  in  weight 
to  itself.  But  when  that  medium  is  exclud- 
ed at  the  top  by  the  perfect  contact  between 
.  the  mercury  and  the  glass,  and  cannot  pass 
readily  through  the  substance  of  the  glass, 
it  acts  only  upon  the  open  end  in  conjunc- 
tion with  the  air,  adding  its  own  force  to  that 
of  the  air,  and  producing  a  much  greater 
effect  of  the  same  kind  than  the  air  can  do 
when  it  acts  by  itself.  Thus  the  extraordi- 
Ti^ry  column  is  reduced  to  the  same  princi- 
ple 
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pie  with  the  ordin^y  J  the  one  being  from 
the  preadure  of  air  ojolyj  the  other  from  the 
p]|[es$iire  of  air  an4  fire  together* 

As  the  ordioary  ait d  extraordinary  column 
is  sustained  on  the  same  principle,  they  like- 
wise fkU  or  subside  on  the  same,  principle  : 
if  air  insinuates  itself  at  the  lower  end,  which 
is  open,  it  ascends  to  the  top,  and  by  its 
elasticity  and  expanstouL  depresses  the  mer- 
cury; if  more  enters,  it  depresses  the  mer- 
cury farther;  if  a  continual  stream  of  air  is 
admitted,, it  keeps  ascending  to  the  top  till 
it  has  totally  expelled  the  mercury.  This  is 
what  actually  happens  in  the  other  case ;  for 
when  once  the  more  subtile  element  is  ad- 
mitted to  the  top,  by  reason  of  the  smallest 
separation  of  the  ;niercuiy  from  the  glass,  it 
follows  rapidly  in  a  stream  till  it  has  got  full 
possession,  and  reduced  the  column  to  a 
counterpoise  with  common  air.  To  prevent 
this,  it  is  necessary  that;  the  contact  be  ab- 
solute by  means  of  a  thorough  purgation  of 
the  mercury  fromevpry  particle  of  air  which 
might  rise  up  and  occasion  a  separation. 

I  have  been  thus  particular  in  the  discus- 
sion of  this  case,  because  the  experiment 
has  always  appeared  to  me  as  one  of  the 
roost  valuable  in  the,  whole  circle  of  philoso- 


phy ;  amd  tberdbn  tH  )«»tied  reader  yt\\\, 
I  hope,  excuse  me  ttxt  wing  itioi«  ^dl^ 
than  may  seem  n^cessaty  to  thMe  who  iiP^KM 
have  been  aUe  to  see  through  the  whok  ar- 
gument in  a  much  shorter  fornix.  This  «iq)e- 
riment  puts  us  in  possession  of  a  pridci^, 
vhich  in  its  application  will  be  found  almost 
as  extensive  as  philosophy  itself.  The  pres* 
sure  of  the  atmosphere,  'as  demonstrated  wlA 
explained  by  the  Torricellian  tube,  leads  us 
to  a  satisfactory  account  of  many  phsmo- 
mena,  about  which  words  bad  been  muki* 
plied  for  ages  to  little  purpose^  Here  we 
have  another  force  which  comes  in  to  our 
aid,  and  will  carry  us  through  other  higher 
and  more  subtile  phsenomena,  to  which  the 
air  by  itself  is  inadequate.  Cohesion,  with 
the  action  of  such  a  mediutli  aa  this,  can  be 
no  longer  difficult,  and  I  think  it  may  be 
explained,  independent  of  this  experiment*. 
And  as  to  gravity,  if  a  column  of  so  great  a 
weight  does  not  fall,  because  this  medium 
is  not  admitted  to  fetch  it  down>  I  can  see 
no  difference  between  that  and  the  cause  of 
gravity:  to  speak  plainly,  I  am  persuaded 

they 

,  *  Sec  a  Discourse  on  the  Physical  Cause  of  Cohesion  in 
the  Essay  on  the  First  Principles  of  Natantl  Philos<^h7, 
p.  144,  &c.  quarto  editic^n;  or  p.  143  of  the  octavo. 
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they  are  but  one  tibhig ;  and  I  apprehend  that 
much  may  be  gathered  from  this  single  ex- 
perhnent,  more  than  I  have  room  for,  or  can 
see  as  yet,  when  it  shall  hare  been  properly 
studied.  To  quicken  the  attention  of  the 
young  philosopher,  I  shall  shew  him  how  this 
experiment  has  been  regarded  by  some  of  the 
first  philosophers  in  Europe,  particularly 
Mr.  Hugens,  Dr.  Wallis,  and  Dr.  Jurin, 
who  all  considered  it  as  an  example  of  an^ 
other  pressure^  different  from  that  of  the  at- 
rooi^ere,  and  far  superior  to  it ;  a  pressure 
from  a  fluid  more  subtile  than  air,  and  the 
same  with  the  cause  of  gravity,  which  some 
call  a  purer  air^  some  a  subtile  medium^  but 
all  mean  the  same  thing  in  effect.  The  sense 
of  Mr.  Hugens,  as  represented  in  the  Phi- 
looophfcal Transactions,  is  this:  **  Besides 
**  the  pressure  of  the  air,  which  keeps  the 
^*  mercury  suspended  at  the  height  of  27  in- 
^*  inches*,  (and  of  the  truth  of  which  we  are 
*^  convinced   by  a  great  number  of  other 

''  effects 

'^  HiQ  leader  is  to  •bserTe,  tkat  the  hcigHt  of  the  baro. 
-meter  (I  speak  of  its  m^an  height)  is  difierently  expressed 
by  different  authors,  because  each  describes  it  according  to 
the  statute  measure  of  his  country.  With  us  it  is  29!  in. 
<hcs  :  but  flench  writers  call  it  27,  &c.  because  the  Paris 
foot  is  to  the  foot  pf  lioodon  as  144  to  135. 


y  efiSeicts.which^^6rsee,)  there,  is  .yet  another 
^'pressure  strpoger  than  that,; of  a  more 
''subtile  n^^tter  than  air,  which,  without 
'' difficulty,  penetrates  glass,  water,  quick- 
*'  silver,  and,  all  other  bodies  which  we  find 
*/  impenetrable  to  air.  This  pressure,  added 
''to  that  of  the  air,  is  capable  to  suj^tain 
''the  76  inches  of  mercury,  and  possibly 
"  more,  as  long  as  it  works  only  against  the 
"  lower  surface,  or  against  that  of  the  mer- 
/.'  cury,  in  which  stands  the  open  end  of  the 
."  tube ;  but  as  sqon  as  it  can  wQr^  a}to  on 
/.'  the  other  side,  (which  happens  when  strik- 
."  ing  or  hitting  against  the  tube,  or  intro- 
"  mitting  into  it  a  small  bubble. of  air>  you 
"  give  way  to  this  matter  to  begin  to  act,) 
"  the  pressure  of  it  becomes  equal  on  both 
/'sides,  so  that  there  is  no  more  but  the 
''  pressure  of  the  air  which  sustains  themer- 
"  cury  at  the  ordinary  height  of  29*  inches. 
"  The  ingenious  and  candid  author  of  this 
"  solution  acknowledges  himself  that  it  doth 
,"  not  so  fully  satisfy  him  as  not  to  leave 
"  some  scruple  behind;  but  then  he  adds, 
"  that  that  keeps  him  not  from  being  well 

"  assured 

•  Here  the  English  translator  seems  to  have  forgotten 
himself,  and  put  the  English  measure  instead  of  the  French, 
wjiich  he  had  used  before. 
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•*  assured  of  that  new  prissure^  which  he 
**  hath  supposed  besides  that  of  the  air,  by 
**  reason  of  the  experiment  already  alleged, 
**  as  of  two  others  which  he  subjoins  to  thd 
**  same  effect.'*  The  whole  paper  is  very  cu- 
rious; and  worthy  of  the  reader's  perusal  *. 
'  '  Dr.  Waliis,  in  some  remarks  on  this  solu^ 
tion  of  Mr.  Hugens,  has  the  following  ob- 
servation :  **  If  this,  which  we  call  gravity,* 
**  should  chance  to, be  not  a  positive  quality 

*  *  or  conatus  of  itself  originally,  but  only  the 
**  effect  of  some  pulsion  or  percussion  from 
**  without,  which  possibly  may  be  the  case,* 
*^  and  principally  from  the  spring  of  the  air 
^*  about  us,  then  while  this  pulsion  and  per- 
**  cussion  is  wanting,  (howeverobviated, )  the 
'**  bodies  accounted  heavy  will  not  of  them- 
^'. selves  begin  to  fall." — '*  He  might  also, 
(continues  Dr.  Waliis)  *'  suitably  enough  to 
**his  own  hypothesis,  have  so  explained 
**  himself,  as  to  allow  his  more  subtile  parts 
^*  of  common  air  to  penetrate  quicksilver, 
^*  but  not  glass ;  and,  therefore,  in  case  of 
?*.room  for  it  at  HD,  (the  top  of  the  tube,) 
.**  It  might,  through  tlie  stagnant  quicksilver, 
M  pass  upwards,  and  thence  exert  its  spring  f." 

In 

*  See  Phil.  Trans.  Abr.  by  Lowthorp,  \o\.  ii,  p.  95,  Arc. 
+  Ibid.  p.  26,  t'7. 
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la  this  he  has  hit  upon  the  ^vtry  idea^  whicfi 
is  now  much  more  obvious  to  those  who  ar? 
acquainted  with  the  jMresent  state  of  electri- 
cal  experiments. 

Du  Jurin^  in  a  discourse  on  the  ascent  of 

water  in  capillary  tubes>  inclines  to  the  same 

opinion^  admitting  a  pressure  besides  that  of 

t^  air,  and  referring  to  the  present  experi- 

xuent,  and  some  others,  for  ^he  proof  of  tb«^ 

principle.     ^*  How  far  (says  he)  this  cohe- 

^  sion  (of  the  water  in  capillary  tubes)  may 

^  depend  on  the  pressure  of  a  medium  sub- 

^  tile  enough  to  penetrate  the  receiver,  (or 

*  the  other  parts  of  the  apparatus, )  is  worthy 
^  of  consideration.     This  explication  seems 

*  to  be  favoured  by  the  following  experi^ 
^  ments:^  first,  the  famous  suspensioai  of 
^  mercury  purged  of  air  to  the  height  of  70 

*  or  75  inches,  in  the  TorricelHaa  tubo?  in 
'  the  open  air  :  to  which  we  may  add  the 
'  sustaining  of  mercury  likewise  purged  of 
^  air  within  the  exhausted  receiver,  as^relat' 
^  ed  by  that  learned  and  successful  promo* 
^  ter  of  natural  knowledge,  Mona.  Papin, 

^  in  his  Continuation  du  Digesteur.  But 
^  we  must  not  omit  the  experiments  made 
^  by  the  famous  Mons.  Hugens,  and  describe 

*  ed  by  him  in  the  Philosophical  Transact 

3  *'tion.s, 
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**tions,  N^  86,  of  the  cohering  of  polished 
*  ^  plates,  with  a  considerable  force  in  the  ex- 
'^  hausted  receiver;  as  likewise  of  the  run- 
*'  ning  of  water  and  mercury,  when  purged 
**  of  air,  through  a  siphon  of  unequal  legs 
*'  in  the  vacuum  ;  all  which  he  accounts  for 
**  from  the  same  principle,  and  much  in  the 
"  same  manner  as  we  have  used  for  explain- 
*'  ing  the  experiment  above.     As  to  the  ex- 
^'  istence  of  such  a  medium,  I  shall  content 
**  myself  to  refer  to  what  has  been  said  by  our 
* '  illustrious  president  in  the  queries  at  thelat- 
**  ter  end  of  the  last  edition  of  his  Optics*."^ 
Thus  far  Dr.  Jurin,  whose  sentiments  agree 
in  this  matter  with  those  of  the  Lord  Broun- 
ker,  Mr.  Hugens,  and  Dr.  Wallis,  and  have 
since  his  time  been  much  farther  confirmed 
by  the  subsequent  discoveries  of  later  philo- 
sophers, which  have  now  left  us  in  no  doubt 
about  the  existence  and  active  force  of  such 
a  medium  as  was  formerly  the  subject  of 
queries  and  hjrpothesis ;  and  with  these  dis- 
coveries our  mode  of  philosophising  about 
many  phsenomena   of   nature   ;uiust  alter. 
However,  s.uch  are  the  vicissitudes  of  human 
knowledge,  that  in  this  we  are  only  return- 
ing to  what  we  had  ^:ejected. 

On 
*  See  Phil.  Tr^ms.  Abr.  toU  v«  p.  iQh. 
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On  the  Use  of  the  Barometer  in  measuring 
Elevations. 

Whatever  the  specific  constitution  of  the 
air  may  be  in  itself,  the  higher  parts,  as  in 
other  fluids,  must  act  upon  the  lover,,  and 
those  that  are  lowest  must  be  subject  to  the 
greatest  pressure. 

The  specific  gravity  of  ^zter  to  air,  is  as 
800  to  1,  supposing  the  barometer  to  be  at 
30.  inches,  and  the  air  at  a  mean  state  of 
heat  and  cold.  *  ;  and  the  specific  gravity  of 
mercury  to  that  of  water,  is  as  13.5  to  1 ; 
therefore  the  specific  gravity  of  mercury  is 
to  that  of  air  as  10800  to  1,  consequently  a 
cylinder  of  air  of  10800  inches,  or  900  feet, 
will  be  equal. to  an  inch  of  mercury.  If  the 
air  were  of  an  equal  density  throughout, 
like  water,  the  barometer,  when  carried  up- 
wards, would  sink  an  inch  for  every  900  feet 
of  ascent,  and  the  atmosphere  would  be  five 
miles  high.  But  air  being  an  elastic  fliiid, 
its  expansion  increases  as  the  incumbent 
weight  decreases;  that  is,  the  upper  parts 
are  more  rarefied  than  the  lower  J  and  the 

space 

*  See  PhiU  Trans  Abr.  vol.  ii.  p.  16* 
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iip^te  of  air  answerihg  to  an  inch  of  nier- 
tuiy,  grows  continually  greater  as  we  ascend 
higher  from  the  earth. 

Learned  geometers  hav6  considered  in 
what  plroportion  the  air  will  be  rarefied  at 
different  devationb  above  the  earth;  and 
they  find,  that  if  the  elevations  are  taken  in 
an  arithmetical  progression,  the  density  will 
decrease  in  a  geometrical  progression,  and 
consequently,  that  the  logarithms  of  the 
densities  will  b6  reciprocally  as  the  eleva- 
tions. But  the  weight  of  the  air  being  as 
its  density,  and  the  height  of  the  barometer 
being  proportional  to  the  weight  of  the  air, 
it  follows  that  the  logarithms  of  the  heights 
of  the  mercuty  are  Reciprocally  as  the  eleva- 
tions *.  Hence  we  have  a  rule  for  measuring 
elevations  by  the  batometer ;  for  if  there  is 
a  known  ratio  between  the  elevation  and  the 
densify,  the  barometer,  so  far  as  it  measures 
the  density,  will  measurfe  the  elevation ;  and 
thus  we  hav^S  a  compendious  method  of  find- 
ing the  altitude  of  mountains,  with  little 
indfe  trouble  than  that  of  ascending  them. 

The  order  of  the  calculation  is  this.  First, 
to  find  accurately  what  elevation  is  required 
to  make  the  barometer  fall  one  tenth  of  an 

VOL.  IX.  GO  inch, 

•  Sec  Phil.  Trans.  Abr.  vol.  vi,  part  ii.  p.  45^ 
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inch,  (or  any  other  quantity,)  which  left  iKft 
suppose  to  be  86  feet:  and  Let  us  also  tup^ 
pose  that  this  is  done  when  the  baroitietca^^ 
the  lower  station,  is  at  SS.5  iachesr  at  the 
^vel  of  th^  horizon,  that  is^  wbei^the  atmo^ 
sphere  is  at  a  middle  state.  Then  aay»  as  tbe 
difference  between  the  logarithms  of  ^^5 
sad  £9>  4^  i^  to  86  feet,  so  is  the  difFciPen0e 
between  the  logarithms  of  39^5  aad  87.  i 
(or  any  other  height  of  tl^  bafoiBiSter  iti 
iaohe^  and  tenths  of  an  inch)  to  the  u^unbei 
of  feet  required. 

Qn.  tills  principle  tables  were  cmnposed 
many  years  ago  by  two  learoied  mathemati-> 
cians  of  our  own  countryj,  Dt.  Halley  and 
Dr.  Nettleton,  and  by  others  in  France* 
And.  thus  far  the  calculation  is  very  easy. 
But  all  observers  were  sensible  of  some  irrc* 
gularity  in  the  theory  on  account  of  the  un- 
certainty of  the  air,  which  it  was  rery  diffi- 
cult to  provide  against  In  coiKilusions 
Avhich  depend  on  mathematical,  ireasoning 
and  actual  observation,  it  is:  generally,  easy 
to  approximate;  but,  to  attain  to  accuracy 
and  precision,  is  difficult*  Every  conomon 
iiavigator  can  find  his  time  by  the  sun  to  a 
minute  or  two :  but  to  find  it  to  seconds  re- 
qpii:es  the  best  instruments,  and  a, morula-, 

borious 
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tboriott^  calcaktioii:  so  that  while  the  former 
inay  be  executed  at  the  expence  of  a  few 
fcluUings,  the  latter  will  tequire  an  expence 
bf  nwaay  pounds. 

Two  difficulties  arise  to  disturb  the  theory; 
<)ne  from  the  imperfection  df  the  instrument^ 
the  other  from  the  uncertainty  of  the  atmo* 
isphete.  At  different  elevations  the  tempera^ 
ture  of  the  air  alters;  and  the  greater  elcva- 
tioii  befaag  generally  attended  with  a  colder 
temperature,  this  occasions  a  contraction  df 
the  mercurial  column,  so  that  the  barometer 
falls  lower  than  it  ought  to  do,  and  observa*^ 
tion  gives  an  elevation  greater  than  the  true. 
And  as  the  elasticity  of  the  air  alters  with 
heat  and  cold,  the  density  of  the  air  cannot 
be  truly  inferred  from  its  absolute  pressure : 
and  thus  we  are  liable  to  a  second  error. 
More  heat,  at  the  same  elevation,  will  in- 
crease thte  elasticity  of  the  air,  and  the  pres- 
sure being  greater  than  it  ought  to  be  by 
the  theory,  the  elevation  will  be  found  too 
little*  Mope^cold  will  diminish  the  elasti- 
city, and  then  the  elevation  (which  com- 
monly happens)  will  be  found  too  great 
The  barometer  is  liable  to  another  error :  for 
in  the  common  upright  tube  the  mercury 
never  rises  so  high  as  it  ought  to  do,  from  ^ 
G  G  2  repulsive 
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repulsive  effect  of  the  glal»  upon  thcincr- 
cury.  But  this  is  corrected  by  a  siphoh-tubc 
instead  of  the  straight  one ;  for  thus  there  are 
two  repulsions  %hi€h  correct  one  another. 
Some  other  niceties  might  be  mentioned^ 
concerning  the  different  degrees  of  expan- 
sion in  glass  and  mercury  under  the  same 
degrees  of  heat  and  cold. 

These  are  the  difficulties  in  measuring  aV- 
titudesr  by  the  barometer,  which  of  late  have 
exercised  the  ingenuity  of  Mr.  De  Luc,  a 
learned  and  philosophical  native  of  Geneva^ 
to  whom  the  public  is  much  indebted  for 
some  valuable  improvements  in  this  part  of 
philosophy,  which  are  the  fruit  of  great  la- 
bour and  attention.  His  work  is  too  large 
and  complex  for  me  to  attempt  a  particular 
account  of  it:  and  his  improvements  have 
al]:eady  been  represented  to  great  advantage 
by  two  very  learned  members  of  the  Royal 
"Society,  Mr.  Maskelyne  the  Astronomer- 
Royal,  and  the  Rev.  Dr.  Horseley,  who  have 
given  two  excellent  papers  in  the  Transac- 
tions upon  the  new  Theory  and  Practice  of 
Barometrical  Mensuration '';  to  which  I 
must  refer  the  learned  reader. 

From  the  ingenious  Mr,  Brydone's  obser- 
vations 
♦  See  vol.  Ixiv.  part,  i.  N®4ro,  an4  SO, 
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vatiqns  of  the  barometer,  in  his  Travels  Into 
Sicily,  which  I  suppose  are  yefy  near  the 
truth,  I  have  c^lculjited  the  height  of  Mount 
Etna,  according  to  the  old  and  new  method  : 
^pd  by  every  rule  1  can  appjy,  I  can  make 
the  height  of  that  mountain  hut  a  trifle  more 
than  2  miles;  whereas  by  geometrical  ob- 
servation it  is  more  probably  3  rnil^  high, 
or  nearly  sq,  if  accounts  are  true. 

I  take  Dr.  HaUey's  observed  difference  of 
the  barometer  at  the  top  and  bottom  of 
Snowdon  Hill,  with  its  height  as  found  by 
geometrical  mensuration :  with  this  I  com- 
pare Mr.  Brydone's  difference  al;  th^  top  and 
tottom  of  Etna;  and  therewU  is  a.s  follows: 

Itarometer  ^t  tke  level  of  thp  sea,  29 .  9  lo^.  ;475$7 1 2 
Barometer  at  the  top  of  Snowdon,  26.     l     log.  14166405 

Difference 690307 

Height  of  Snowdon,  taken  geometrically,  1 240  yards. 

In.  Tenths. 
Barometer  at  the  foot  of  £tna,       29 .     5     log.  H698220 
Barometer  at  the  top  of  Etna,        19.     5.    log.  12900346 
Difference 1797874 

JTien  we  are  to  say, 

.  As  the  firsit  difference  5903  (rejecting  the 
two  last  figures,  as  superfluous)  is  to  1240 
yards;  so  is  the  second  difference  17978  (re- 
iecting  the  two  last  figures  as.  b^for^)  to.  the 
G  6  3  number 
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number  of  yardsr  ih  the  height  of  Etna} 
^hich  appears  to  be  377^i  w  ^  o^UfS  98  fas 
thorns. 

By  the  new  method,  the  difference  be- 
tween the  twe  laist  logarithms  is  to  foe  takei^ 
as  before ;  and  when  that  difference  is  di- 
vided  by  1000,  (which  is  done  by  changing 
the  three  last  figure  into  decimals, )  the  quor 
tient  expresses  the  number  of  £fig|ish  fa<; 
tftioms;  which  is  1797.  The  correction  be-, 
ing  inside  for  the  contraction  of  the  merc^ria| 
column,  by  1i:z^  -r-  40  =:  8  degrees  of  Fah- 
renheit's thermometer,  according  to  Mr,  De 
Luc's  rule,  applied  to  Mr.  Brydonc'a  oh^rva- 
tion,  the  number  is  d^iiinished  by  about  33 
fathoms.  And  tlie  same  being  farther  cor-, 
rected  according  to  Mr.  De  line's  equation 
for  the  temperature  of  the  air,  we  have  nearly 
33  fathoms^  as  before,  to  be  added  (q.lhe  last 
corrected  number;  so  that  ^he  number  of 
fathoms  is  1797,  as  at  first;  and  differs  but 
21  fathoms,  in  more  than  2  miles,  from  the 
pumber  according  to  the  old  method:  and 
it  is  probable,  that,  in  so  great  an  elevation, 
the  error  from  the  uncertainty  of  the  air  will 
generally  exceed  this  difference.  As  there 
is  reason  to  suppose,  upon  other  considera- 
tions, th^t  Etna  is  much  above  S  miles  iii 
2  height, 
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height,  Mr.  Brydone  suspects  that  the  baro- 
meter does  not  agree  with  the  theory  in  very 
great  elevations;  particularly,  that,  in  the 
superior  elevations,  when  we  get  above  the 
region  of  vapours,  the  spaces  corresponding 
to  given  differences  in  the  mercurial  column 
ve  greater  than  according  to  the  rule.  And 
I  must  own  it  appears  probable,  that,  in  the 
lower  elevations,  while  you  are  within  the 
regkm  of  gross  vapours,  the  column  ought 
to  diminish  much  faster  than  in  the  superior 
elevations;  and  that  the  same  law  cannot 
traly  be  applied  to  both*,  I  cannot  ven- 
ture  to  pronounce  how  tliis  may  he,  without 
farther  ^,tld  more  accurate  observations.  I 
must  tlierefore  content  myself  with  adding 
gome  notes  relating  to  the  system  of  the  at* 
liu>sphere,  for  which  I  am  chiefly  indebted  to 
the  learned  observations  of  Dr.  Horseley, 
who  has  gone  deeper  into  this  subject  than 
any  writer  before  him, 

K  It  is  probable  that  the  elasticity  of  the 
air  may  be  affected  by  other  causes  beside 
heat,  such  as  humidity  and  electricity. 

2.  If  Mr.  De  Luc's  formulae,   exprei^ing 
G  G  4  the 

♦  Omnift  aer,  quo  proprior  est  terris,  hoc  crassior;  quem- 
lidmodum  in  aqua  et  in  omni  humore  faex  ima  est ;  ita  ia 
^ere^  spississima  quxque4esidunt«  Senecae  Nat,  Q^sest*  4. 1 0* 
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the  effect  of  temperature  on  the  air's  elasth 
city,  are  universally  true,  it  viU  follow,  that 
there  is  a  certain  temperature  at  which  the 
air  would  totally  lose  its  elasticity,  and  that 
elasticity  owes  its  origin  tq  heat.  I  thought 
I  saw  this  consequence  twenty  years  ago; 
and  placed  the  supposed  temperature,  at 
which  this  would  happen,  at  about  300  de- 
grees below  the  freezing  point*.  Dr.  Horse- 
ley,  from  the  formulce  of  Mr.  De  Luc,  places 
it  at  409 ;  but  denies  the  inference,  and  seems 
rather  to  suppose  (if  I  do  not  misimden^taud 
him)  that  such  a  consequence  doeai  not  obtain 
in  nature ;  which  is.  the  more  probable  opi-r 
nion.  When  I  thought  formerly  upoji  thi§ 
matter,  we  had  no  expectation  that  nature 
or  art  would  ever  exhibit  a  degree  of  cold 
any  thing  like  to  what  experimejit  hath  sincq 
discovered. 

3.  The  diminution  of  the  air'«  density,  as 
we  ascend  from  the  earth's  surface,  is  subject 
tQ  a  limit,  and  the  atmosphere  may  be  of  an 
infinite  height :  though  at  that  height  Dn 
Horseley  reduces  its  comparative  volume  to 
the  lOO^h  po^^^j,  pf  3()gg^     jj^jg  j^  ^Yie  case 

when  the  subject  is  considered  mathemati- 
cally.    When   it  is   considered   physically, 

'  ^  he 

^  See  the  Essay^  p.  ^IQ* 
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lie  is  so  candid  as  to  allow,  that  we  have  no 
data  from  experiments  to  limit  the  height  of 
the  atmosphere.  I  apprehend  there  is  a  cerr 
tain  height  at  which  the  matter  of  the  hea* 
vens  has  no  immediate  reference  to  our  earth 
as  a  part  of  it^  atmosphere,  but  is  indepen^- 
4ent  of  the  earth  and  all  its  appendages  as 
it  passes  through  the  heavens  in  its  orbit; 
somewhat  after  the  manner  as  those  waters 
of  the  sea  are  independent  of  the  ship,  which 
lie  without  the  limits  of  her  wake.  When 
the  air  has  no  longer  any  reference  to  the 
earth  as  an  atmosphere,  and  has  no  sensible 
gravitation  towards  the  earth,  it  is  question- 
able whether  it  would  have  any  effect  on  a 
barometer,  whatever  its  density  might  ha 
If  some  air  were  brought  down  from  the  top 
of  Etna,  according  to  the  second  method  of 
making  the  Torricellian  experiment  above 
described,  and  its  absolute  density  were  pro- 
perly compared  with  the  air  below,  it  might 
give  us  some  farther  light  into  this  interest- 
ing part  of  the  subject. 

4.  It  is  possible  that  the  density  of  the  air 
may  increase  above,  while  it  is  diminished 
|>elow ;  and  that  the  condensation  of  the  su- 
perior part  will  follow  from  the  rarefaction 
pf  the  inferior  by  heat.    Jt  may  sound  like  a 

paradox 
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paradox  tiiat  heat  should  condense;  hia±  it 
]g  true  by  necessary  consequence.  When  the 
}ieat  increases  near  the  earth,  the  air  is  there 
expanded  into  a  larger  vohiaie ;  and  }iaviqg 
©o  liberty  below,  where  the  earth  is  opposed 
to  it,  the  redundant  quantity  must  go  up« 
irards,  and  bring  the  yiUmi^  nearer  to  an  uiu^ 
form  density. 

5.  If  at  any  height  above  the  surja.ce  of 
ifhe  earth,  an  increasing  he^t  diminishi^  the 
ilensity  of  the  ^r  in  the  sapie  pno^ortion  as 
it  increases  its  elasticity^  ^  baroniieter  will 
♦here  be  &tatioriary**  At  lower  hdghts  it 
will  sink,  and  at  greater  heights  it  will  rise. 
This  case  Mr.  De  Luc  actually  inet  with, 
and  was  iriuch  surprised  at  it.  When  the 
heat  of  the  day  has  been  increasing,  a  baro^ 
nfieter  has  sunk  ^t  the  foot  of  a  hill,  while 
another  at  the  top  has  risen,  Scheuchaer 
was  perplexed  formerly  on  the  same  occa^ 
sion :  he  found  his  barometer  rise  at  the 
higher  station,  while  it  sunk  ^t  the  lower, 
contrary  to  the  rule ;  and  he  endeavoured  to 
account  for  it  froin  the  greater  elasticity  of 

the 


^  This  is  the  very  case  I  have  mentioned  under  anothcf 
form  in.  a  fo^egoin^  section,  oii  the  ^siasiiqity  of  |he  Airt 
See  law  Sl. 
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the  purer  air*.  This  may  teach  us  how  sub* 
iect  we  are  to  unexpected  difficulties  in 
settling  the  theory  of  the  atmosphere;  and 
that  we  should  not  build  too  much  on  in- 
ferences and  calculations,  which,  when  apr 
plied  as  general  rules,  will  lead  us  into  errors. 
The  superior  regions  of  the  air,  above  the' 
highest  mountains,  where  no  experimenta 
have  yet  been  made,  may  be  subject  to  cer-? 
tain  affections  of  which  we  have  no  know* 
ledge,  and  which,  if  known,  would  very  much 
interrupt  some  of  our  conclusions f.  There 
fire  two  circumstances,  which  of  themselves 
incline  me  to  believe,  that,  after  the  many 
useful  and  curious  discoveries  which  have 

been 
f  See  It.  Alp.  Sec,  p.  ;d,  SS.; 

f  Socne  learned  astronomers  have  been  inclined  to  beltcve, 
from  the  obserysj[tion  of  certain  appeaianqes  in  the  heaveiv 
(hat  tber^  is  matter  capable  of  reflecting  the  sun's  rays  at  9. 
height  ^bov^  the  conical  shadow  of  the  earth's  orb,  Mr, 
Boyle  gives  us  the  following  passage  from  Ricciolus,  con- 
f eming  an  observation  made  by  Emanuel  Magnen  at  To- 
louse — **  Yidit  ab  hori  undecimi  post  meridiam  usque  ad 
'f  mediam  noctem^  luna  infra  horizontem  ppsita,  nubeculam 
f  *  quandam  lucidam  prope  meridianum  fere  usque  ad  zenitk 
f*  diffusam,,quae  consideratis  omnibus  non  poterat  nisi  a  sole 
**  illuminari ;  ideoque  altior  esse  debuit  tota  umbra  terrae.** 
Vid,  Boyle  on  the  Spring  of  the  Air,  book  ii.  ch,  13,  I 
am  in  doubt  whether  this  might  not  be  sometl^ing  of  Jcin  ^o 
the  aurora  borealis^  not  then  so  well  understood. 
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j^een  made,  tEe  atmosphere  is  yet  but  impeirir 
fcctly  understood:  the  one  is  the  violent 
^ce  of  fhe  wind  on  the  top  of  Etna,  above 
the  region  of  the  clouds,  where  the  air,  by 
the  barometer,  seems  to  have  lost  one  third 
part  of  its  density :  the  ot^er  is  the  sounding 
of  explosive  meteor?  from  the  height  of  6Q 
or  70  miles  and  up)»^ards  in  the  air.  In  this 
region,  where  the  air,  by  calculation,  is  much 
rarer  than  the  best  vacuum  of  an  air-pump, 
combustible  matter  is  collected  in  great  ^bunr 
dance,  which  must  be  derived  from  the  earth, 
as  the  pure  matter  of  the  heavens  cannot  be 
supposed  to  furnish  it  out  of  itself.  In  this 
region,  inflammable  matter  explodes  and 
burns  with  a  vivid  light ;  though  the  matter 
of  lightning  is  dissipated  in  a  vacuum.  And, 
what  is  most  surprising,  sound  is  thence 
transmitted  to  the  earth;  which,  as  experi-r 
ment  shews,  cannot  be  communicated  with- 
out the  intervention  of  the  air  as  its  vehicle, 
or  the  vibrations  of  some  continuous  solid 
body.  I  saw  a  ipeteo^  myself  in  the  year 
1766,  which,  from  the  accounts  of  it  in  the 
public  papers,  compared  with  my  own  ob- 
servation of  it,  was  above  45  iniles  high  in 
the  air,  and  exceedingly  bright.  But  most 
extraordinary  is  the  Recount  given  by  Dr, 

Halley 
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H^ley  of  a  meteor  seen  all  over  England  J 
which,  by  a  calculation  sufficiently  accurate^ 
was  70  miles  high ;  as  bright  as  the  sun ; 
and  the  explosion  of  it,  which  was  as  loud  aa 
a  broadside  of, cannon,  was  heard  all  over 
Devonshire,  Cornwall,  and  the  neighbouring 
Ifdtifities,  and  shook  the  houses  and  their 
furniture,  as  if  great  guns  had  been  fired 

near  at  hand. 

•t 

The  learned  author,  who  drew  up  the  ac-^ 
count  of  this  meteor,  could  find  no  way  of 
reconciling  it  with  the  received  theory,  but 
by  supposing  that  the  magnitude  of  the  ex^ 
plosion  might  perhaps  compensate  for  the 
extreme  rarity  of  the  medium.  But  the 
question  seems  still  to  remain :  for  how  can 
sound,  of  any  magnitude  whatsoever,  be 
communicated  from  a  region  in  which  there 
can  be  no  sound?  According  to  the  commcm 
idea  we  have  of  it,  sound  is  occasioned  by  a 
stroke  upon  that  air  which  is  contiguous  to 
a  sonorous  body.  Where  there  is  no  air  to 
receive  such  a  stroke,  there  is  consequently 
no  sound ;  and  where  no  sound  is,  Aone  can 
be  communicated.  As  to  the  communica<* 
tion  of  sound  through  solid  bodies,  (.of  which 
we  shall  have  occasion  to  speak  hereafter,) 
that  can  have  no  place  here*    And  therefore 

Ido 


t  do  look  upoii  thi^  case,  and  others  liki^  ^ 
%  as  an  argfument,  that  Anideirsdl  cOHdl«if** 
fiions  harie  been  formed  too  hastily  upon  par- 
'  ticuldr  data  ;  aiid  that  the  theory  of  the  at* 
inodpht^re,  djpeciottd  as  it  l&a^  afipea^,  aM 
useful  as  it  nidy  be  fourtd  tinder  projJef  i^ 
*trietions,  is  still  capable  of  fatther  cdrtete^ 
tioni 
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*rhc  t*fr*tt  j^ivrf  air  has  h^A  lised  to^  d^ 
liote  the  elemettHary  substance  of  all*,  ehamged 
jVbm  its  volatile  and  elastic  to  a  fix€fd  an^ 
quiescent  state ;  during  which  it  is  srt:tached 
to  other  bodies,  and  gravitates  with  them  5 
but  it  may  be  again  detached  from  thcto  by 
the  action  of  fire,  the  mediation  of  watery 
•ftc.  so  as  to  reassume  the  form  of  elastfic  air: 

TIic  instances  are  very  numerous  in  which 
air  is  thus  detached  from  bodies^  When 
drowned  animals  have  lain  under  water  till 
they  putrefy,  a  dfeeomposttion  of  their  parts 
is  the  conseqttence,  and  they  are  found  bloat- 
ed with  the  air  which  is  separated  from  themj 
and  become  elastic.  When  dry  peas  arc 
soaked  in  water,  they  swell,  and  discharge 
a  great  quantity  of  elastic  sdr*     And  food, 

while 
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nrhile  it  is  digesting,  (especially  in  a  weak 
stomachy)  often  yields  a  flatulent  spirit^ 
which  troubles  the  intestines  in  the  form  of 
wind.  Spring  water,  when  exposed  to  the 
air  in  waarmi  weather,  but  especially  if  it  id 
exposed  to  t^e  mm,  discovers  multitudes  of 
air  bubbles,  which  arise  from  the  fluid,  and 
attach  themselves  ta  the  sides  of  the  vessel. 
Mineital  waters,.  a&  the  Seltzer,  Pyrmont^ 
&c.  yi^ld  more  than  common  spring  water, 
and  are  supposed  to  derive  much  of  their 
virtue  from  the  aerial  spirit  with  which  they 
WPt  impregnated.  All  fermented  liquors,  as 
wine,. beer,  cyder,  abound  with  it,  and  a#* 
supfKMed  to  contract  it  in  the  act  of  fermen* 
tation,  when  the  parts  are  opened  and  de*^ 
€0niposed ;  in  which  respect,  fermentation 
resembles  putrefaction. 

Sometimes:  it  happens  that  ingredients  of 
coatcary  qualities,  when  mixed  together; 
decompose  one  another;  and  in  the  act  of 
decomposition^  discharge  a  flatulent  elastic 
spirit.  This  is  the  case  when  acid  juices  come 
into  contact  with  alkaline  earths  or  salts; 
and  the.  air  that  is  generated  by  sw^h  a  mix*- 
ture  is  so  friendly  to  the  stomach,  that  a  sa^ 
lioe  draught,  in  the  act  of  its  efiervescence^ 
has  long  been  rec(unmended  as  a  remedy 

against 
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Hgainst  a  nausea  and  vomitings,  >irlth  aft 
antiseptic  virtue,  which  is  of  great  service 
in  fevers. 

Many  dry  substances  yield  air  With  the 
appiicltion  of  fire*  When  the  tarUkr  of  wine 
is  urged  i^ith  fire  in  a  retort;  an  explosive 
kpirit  is  raised  from  it,  which,  if  confined^ 
will  burst  the  vessel.  But  the  most  explo^ 
sive  spirit  of  all  is  separated  from  fired  gun<^ 
powder,  the  effects  of  which  are  universally 
known.  When  saltpetre  is  laid  in  the  naked 
fire,  it  burns  exceedingly  bright,  and  this 
spirit  comes  from  it  in  a  continued  blast  till 
the  substance  is  consumed*  Sea  coals,  as 
they  are  burning  in  the  fire,  are  frequently 
seen  to  emit  a  powerful  blast  of  air  for  a  con-» 
siderable  time.  It  would  be  difficult  to  enu-^ 
merate  all  the  bodies, .  as  well  fluid  as  solid/ 
from  whence  air  may  be  produced  by  the 
force  of  fire.  I  have  driven  an  explosive 
blast  of  wind,  with  an  hissing  noise,  into  an 
exhausted  receiver,  by  applying  the  heat  of 
a  charcoal  fire  to  a  bolt-head  of  glass,.  con« 
taining  some  linseed  oil,  and  the  mercurial 
gage  within  has  been  considerably  raised  by 
it. 

The  study  of  fixed  air  has  been  much  cnl^ 
tivated  and  extended  of  late  .years;  but  the 

subject 
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subject  is  not  new.  Van  Helmont  was  ac- 
quainted with  the  principal  experiments  relat- 
ing to  it.  He  knew  that  an  explosive  spirit  is 
separated  from  gunpowder,  from  fermenting 
liquors,  from  vegetable  substances  acted  upon^ 
by  fire,  from  calcarious  earths,  and  metals  in 
effervescence  with  acids.  To  the  separation 
of  air  from  digested  or  corrupted  aliment, 
he  imputes  that  flatulency  with  which  the 
stomach  is  troubled  when  the  digestion  is 
weak ;  and  from  the  same  principle  he  ac- 
counts for  the  swelling  of  dead  bodies  under 
•water*.  Paracelsus  thought  that  the  spirit 
which  discovers  itself  on  these  occasions,  is 
the  same  with  the  air  we  breathe,  reduced  to 
its  elementary  parts,  and  fixed  in  other  bo- 
dies. But  Van  Helmont  rather  took  it  for 
an  extemporary  vapour,  consisting  either  of 
humidity  rarefied,  or  of  the  subtile  parts  of 
VOL.  IX.  H  H  an 

•  On  this  principle  murders  have  been  frequently  disco- 
vered, by  the  buoyancy  of  dead  bodies,  supposed  to  have 
been  concealed  under  water.  I  was  informed  by  my  father, 
who  was  an  eye-witness  of  the  fact  in  London,  that  the 
body  of  a  person  who  had  been  poisoned,  swelled  so  much  in 
the  earth  after  its  burial,  as  to  burst  the  co£En,  and  raise  the 
ground,  which  was  observed  by  some  children  at  play  to  be 
in  motion,  aiid  they  alarmed  the  neighbourhood.  The  corpse, 
when' taken  up,  was  distended  to  a  monstrous  size,  aQ4  hor* 
ribly  ofii^ive. 
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an  acid,  expanded  with  the  volatile  pirts  of 
alktli  *.  Mr.  Boyle  also  made  many  expe- 
riments on  what  he  calls  artificial  air,  gene- 
rated from  vegetables,  and  fermenting  che- 
mical mixtures.  His  air-pump,  then  lately 
come  into  use,  enabled  him  to  pursue  this 
inquiry  with  more  advantages  than  Van  Hel- 
mont.  He  found  that  factitious  air  suddenly 
generated,  would,  in  many  iflBtanc^s,  be  as 
suddenly  destroyed  f. 

This  subject  was  afterwards  takeu  up  and 
examined  more  minutely  by  Dr.  Hales,  who 
has  given  a  particular  detail  of  his  experi- 
ftaents  in  his  Vegetable  Statics,  and  has  left 
us  this  doctrine  :  that  air  may  be  raised  by 
fire  and  other  means  from  solid  bodies  to  a 
permanent  expansion,  and  that  the  air  so 
generated  is  the  same  true  elementary  sub- 
stance with  the  air  we  breathe  :  that  the 
force  of  gunpowder,  and  the pulvi^fulminans^ 
is  owing  to  the  expansion  of  the  air  which 
is  separated  from  them  in  the  explosion  J. 

But 

*  See  Essais  Chemiques  et  Physiques  par  M.  L'Amsicr. 

+  See  Book  III.  cap.  Hi.  art.  12. 

J  Mens.  L'Avoisicr,  the  French  chemist  above  mentioned, 
invented  a  sort  of  fluid  gunpowder,  composed  of  spirit  of 
nitre  and  spirit  df  wine,  whrch,  when  distilled  together  in  a 
retort,  yielded  incredible  qnantities^^f  air.  See  his  Essays 
Chem.  and  Phys,  in  the  English  translation,  p.  122. 
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But  he  observed,  that  this  air  is  not  always 
permanent ;  that  it  seemed  to  ^rink  and 
alter  its  dimensions,  and  even  to  disappear 
without  any  visible  cause.  He  seemed  to  be 
uncectain  what  effect  is  produced  on  air  by 
bodies  burning  in  it.  Boerhaave  repeated 
many  of  these  experiments,  and  laid  it  down 
as  the  result  of  all  his  inquiries  on  this  sub- 
ject, that  fire  separates  from  all  bodies,  whe- 
ther by  combustion,  fermentation,  putrefac- 
tion, or  distillation,  an  elastic  vapour;  and, 
consequently,  that  this  aerial  matter  resides 
in  bodies,  but  in  such  a  manner  as  not  ^o 
prodnce  the  effects  of  air,  till  it  is  detached 
from  them,  and  is  joined  to  other  parts  simi- 
lar to  itself.  Mr.  Vend,  of  Montpelier, 
made  experiments  on  the  spirit  which  resides 
in  mineral  waters,  particularly  the  Seltzer 
;ivater*  and  found  it  amounted  to  one-fifth 
of  the  bulk :  that  when  this  spirit  is  dischar^ 
gcd,  the  water  returns  nearly  to  the  condi- 
tioott  of  common  water.  This  led  him  toat^ 
tempt  aa  artificial  combination  of  air  with 
water,  which  he  effected  by  confining  the 
air  raised  from  the  effervescence  of  an  acid 
with  an  alkali  in  the  same  space  with  a  pro- 
per quantity  of  water ;  under  which  circum- 
stances the  water  imbibed  it,  and  became 

H  H  2  more 
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more  strongly  impregnated  than  the  Seltzer 
water  by  the;  chemistry  bf  nature,  insomuch 
that  the  air  absorbed  amounted  to  one  half* 
of  the  bulk  of  the  water.  ^      • 

;  Instead' of  giving  a  larger  detail  of  these 
experiments,  which  have  been  abundantly 
jmultiplied,  I  shall  here  obseirve,  that  the 
true  air  of  the  atmosphere  is  best  distin- 
guished by  its  criterion  of  permanent  elasti- 
city. This  air,  kept  in  a  condensed  state 
for  twenty  years,  has  been  found  at  last  to 
exert  the  same  force  as  at  first,  which  shews 
it  to  be  a  true  elementary  substance.  It  will 
also  bear  to  be  in  contact  with  water,,  with- 
out undergoing  any  change.  The  mock- 
lair,  or  elastic  vapour,  which  assumes  the 
form  of  air,  is  temporary,  and  loses  its  elas- 
ticity by  some  kind  of  precipitation.  Per- 
haps it  is  composed  of  minute  bubbles  or  vcf 
liicles,  too  small  for  observation,  which,  burst 
and  expire  by  degrees  like  other  grosser  bub- 
bles, and  with  this  the  volatile  matter  sub- 
sides and  disappears.  Fire  gives  a  temporary 
elasticity  to  the  vapour  of  water,  but  as  the 
heat  abates,  the  vapour  collapses  and  returns 
to  its  natural  condition  of  water.  Other 
matter,  more  subtile  than  water,  may  be  dis- 
|:ended  in  like  manner?  and  preserve  its  elas- 
ticity 
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ticity  longer.  We  may  therefore  say  of  all 
these  factitious  airs,  that  they  are  nothing 
but  aether  combined  with  expandible  matter. 
So  many  conjectures  have  been  formed  on 
experiments  of  this  kind,  with  so  many 
transitions  from  natural  air  to  artificial,  and 
from  artificial  to  natural,  that  M.  L'Avoisier, 
who  reviewed  them  in  the  state  they  then 
were,  observed,  with  some  reason,  that  the 
subject  was  in  great  perplexity*  Others  have 
preferred  a  complaint  against  the ,  experi- 
'  menters  on  fixed  air,  for  making  as  many 
sorts  of  fixed  air  as  there  are  bodies  that  yield 
it;  which  can  answer  no  end  but  that  of  in- 
Creasing  the  natural  obscurity  of  chemistry, 
when  there  is  no  necessity  for  it.  However, 
many  curious,  and  some  very  useful  experi- 
ments have  been  published,  which,  have 
greatly  improved  this  part  of  philosophy,  and 
]given  us  a  farther  insight  into  the  natur^ 
history  of  the  air ;  on  which  consideration, 
they  who  have  set  the  facts  before  us  are 
entitled  to  the  thanks  of  the  public,  whether 
they  have  been  ecjually  successful  or  not  in 
their  reasonings  upon  them ;  and  I  must  be 
so  just  as  to  own,  that  I  have  read  few  pieces 
of  experimental  philosophy  with  more  plea- 
3ure  than  Dr.  Ingenhouz's  late  treatise  on 
H  H  3  the 
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the  reciprocal  effects  of  air  and  growing  ve* 
getabkd  on  each  other.  I  fihail  therefore 
proceed  to  <de8Cf  ibe  the  several  modifications 
of  air,  under  the  names  which  naodera  aa- 
thors  have  given  to  them. 

Inflammable  air  is  so  called,  because  it 
takes  fire  witibi  the  flame  6f  a  candle,  and,  if 
confined,  will  go  off  with  a  violent  e:%plosian. 
It  is  the  production  both  of  natural  and  ar- 
tificial chemistry :  it  comes  oiit  of  the  earth, 
as  a  co)^  blast,  in  coal  mines ;  and  is  there- 
fore by  some  called  9pirk  x^ coals:  it  may 
also  be  obtained  by  distilling  coals  in  a  re- 
torts Some  of  this  air  was  sent  up  to  the 
Koyal  Society  by  Sir  James  Lowther  in  blad- 
ders, frcmi  his  coal  mines  at  Whitehaven, 
^hich  preserved  it^  elarticity  and  inflamma- 
bility. In  Persia  there  is  a  tmct  of  ground, 
where,  if  the  eaxth  be  ever  so  little  turned 
Kip,  and  flame  applied  to  the  cavity,  the  var 
pour  that  rises  up  will  take  fire ;  and  if  a  tu-< 
hular  cane  is  stuck  ini  the  eci^tb,  the  flame 
will  hurn  from  the  mouth  of  itj  without  con- 
suming the  cane  itsdf  ♦.  If  the  muddy 
iiottom  of  a  ditch  or  jat^gnant  urater  iaa  marshy 
ground  is  stirred  up  with  a  pole  in  the  night, 
ihe  air  that  rises  up  to  the  surface  wiU^be  seen 

*       to 

•  Sc€  PhiU  Tmw.  Abr.  vol*  x»  p.  677* 
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to  take  fire  when  a  lighted  paper  is  applied 
to  it.  This  is  a  curious  and  a  very  practica- 
ble experiment.  Inflammable  air,  or  some- 
thing lijce  to  it,  is  also  "produced  in  the  bo- 
dies of  animals.  A  candle  in  the  hand  of  a 
butcher  has  been  known  to  give  fire  to  the 
vapour  from  the  bowels  of  an  animal  while 
they  are  yet  warm.  If  we  may  trust  to  his- 
tory, says  Boerhaave,  the  humours  of  the 
bodies  of  animals  have  been  sometimes  car- 
ried to  such  a  degree  of  oiliness  and  subtilty, 
as  to  catch,  like  alcohol,  a  weak  pure  flame. 
To  this  effect  we  have  instances  of  men^ 
whose  fumes,  as  they  perspired,  would  kin- 
dle around  them :  and  Helmont  even  speaks 
of  a  man,  whose  wind,  &c.*  Inflammable 
air  is  artificially  produced  from  a  mixture 
of  oil  of  vitriol,  water,  and  iron 'filings.  A 
strong  ebullition  appears  ;  and  if  the  vapour 
is  received  in  bladders  from  the  neck  of  a 
^lass  phial,  it  will  burn  and  explode  like  the 
inflammable  air  from  a  coal-pit.  This  expe- 
riment was  first  communicated  to  the  Royal 
Society  by  Mr.  John  Maud,  in  the  year  1 7S6^, 
to  illustrate  the  phaenomenon  of  Sir  James 
Lowther's  bladders  frorci  the  coal-pits f.  This 
Hii4  proves 

*  5ec  Boerhaave's  Gliemistry>  by  Shaw,  vol.  i.  p.  33*. 
+  Phil.  Trans.  Abr.  vol.  ix.  p.  S96. 
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proves  that  a  subtile  sulphur  is  the  inflam- 
mable principle  in  this  sort,  of  air,  because 
sulphur  decomposes  into  an  inflammable  oil 
aiid  an  acid,  out  of  which  it  may  also  be  ar- 
tificially composed.  When  inflammable  air, 
raised  from  these  ingredients,  is  inclosed  in 
a  vessel  of  brass,  it  will  take  fire  with  the 
electric  spark,  and  go  off  with  an  explosion 
like  gunpowder;  for  which  experiment  an 
apparatus  is  purposely  contrived,  with  pro- 
per glasses,  for  producing  the  air,  and  a  brass 
phial,  called  the  electric  pistol,  whose  neck 
is  formed  into  a  cylinder  or  barrel,  and  stop- 
ped with  a  cork.  The  damps  which  take  fire 
in  coal  mines,  and  produce  such  terrible  ef- 
fects, are  composed  of  inflammable  air ;  and 
some  effects  may  possibly  be  occasioned  by 
it  at  great  depths  under  the  earth. 

Nitrous  Air  is  obtained  by  the  action  of 
a  nitrous  acid,  or  aquafortis,  on  mercury, 
brass,  copper,  &c.  The  usual  form  of  ob- 
taining it,  is  to  let  the  menstruum  work  on 
the  metal  in  a  phial,  from  the  mouth  of  which 
a  bended  tube  of  glass  conveys  it  as  it  rises 
into  the  mouth  of  an  inverted  phial  of  water. 

This  sort  of  air  will  incorporate  with  the 
common  air  of  the  atmosphere,  without  in- 
creasing the  bulk  of  it.    One  part  of  nitrous, 

with 
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vith  two  parts  of  common,  will  be  lost  in 
the  mixture ;  and  though  the  nitrous  air  has 
the  gravity  of  common  air,  it  adds  nothing 
to  the  weight  of  the  mass,  of  which  it  makes 
a  part.  If  this  be  the  case,  it  is  most  pro- 
bable that  what  is  called  nitrous  air,  is  a 
vapour  which  is  precipitated  by  its  mixture 
with  common  air.  As  to  the  lessening  of 
the  volume  upon  this  mixture,  it  is  no  un- 
common thing  for  two  ingredients,  when 
mixed,  to  take  up  less  room  than  when  se- 
parate ;  indeed  few  mixtures  are  of  the  same 
bulk  with  the  parts  of  the  composition.  Spirit 
of  wine  and  water  mixed,  are  contracted  in 
their  dimensions ;  and  the  fact  may  be  ac- 
counted for  from  an  alteration  which  takes 
place  in  the  medium  that  is  seated  in  their 
pores;  sometimes  air  is  discharged  by  the 
mixture,  sometimes  fire.  Some  such  thing 
may  be  supposed  to  happen  when  natural  and 
artificial  airs  are  mixed  together.  The  va- 
riety in  such  a  case  will  be  endless,  as  the 
temper  of  the  factitious  vapour  is  different. 
Fived  air  is  air  impregnated  with  the  parts 
of  earth  and  vegetables :  it  is  that  vapour 
which  arises  from  the  fermentation  of  a  vi- 
triplic  acid  with  calcarious  ^arth  or  stone, 

and 
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afid  from  fermenting  substances.  There  is 
3.n  unctuous  clammy  vapour,  which  is  gene- 
rp,ted  from  the  stum  of  grapes,  when  they 
lie  mashed  together  in  tlie  vat,  which  puts 
out  a  candle  when  dipped  into  it,  and  wpuld 
be  fatal  to  an  animal  if  it  were  taken  into 
the  lungs.  The  wort  of  malt  licjuor,  wjiile 
it  is  working,  is  covered  with  the  like  var 
pour,  to  the  height  of  8  or  9  Inches.  Pit§ 
and  cavities  in  the  earth,  where  heteroge- 
neous matters  have  lain  together,  and  been 
long  covered  up,  are  apt  to  prq^ux^^  that 
stagnant  vapour  which  is  called  mephitiCy  an4 
is  fatal  to  those  who  descend  into  such  places 
unawares,  and  take  it  into  their  luiigs,  where 
it  occasions  a  spasm,  which  stops  the  act  of 
respiration. 

Pliny  tells  us  of  many  places  where  suci 
a  noxious  air  was  naturally  produced  in  the 
earth — '^  Spiritus  lethales  alihi  aut  scrobibus 
/^  emissi,  aut  ipsi  loci  ^situ  mprtlferi :  alibi 
*^  volucribus  tantum,  ut  Soracte  vicino  urbi 
**  tractu  ;  alibi  prater  hoHvinem  cseteris  ani- 
**  mantibus  :  nonnunquam  et  homini,  ut  in 
*^  Sinue^ano  agro  et  Puteolano.  SphacuU 
/Wocant;  alii  Charoneas  aerobes,  mortife- 
'^rumspiritum  exhalantes.     Item  in  Qiipi- 
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**  nis  AmsaHcti,  ad  Mephitis  asdem,  locum 
**  quern  qui  intravere  moriuntur*." 

The  grotto  Del  Cani,  near  the  city  of  Na- 
ples, has  long  been  famous  for  a  mephitic 
vapour,  which  floats  within  a  foot  of  the 
surface.  For  a  particular  and  entertaining 
account  of  it,  I  may  refer  to  the  travels  of 
Mr.  Addison,  who  himself  tried  several  ex- 
periments in  it  t- 

Phlogistkated  air  is  air  charged  with  phlo- 
giston. This  change  is  made  in  common  air, 
by  the  addition  of  a  sulphureous  or  excre- 
mentitious  oily  vapour,  which  the  air  con- 
tracts, either  from  the  fumes  of  combustible 
bodies,  such  as  the  flame  of  a  candle,  the 
fumes  of  charcoal,  &c.  or  by  being  returned 
from  the  lungs  of  an  animal  in  respiration. 
The  air  derives  this  principle  likewise  from 

the 

*  PHn.  lib.  ii.  cap.  gs*  I  find  nothing  authentic  in  re- 
gard to  the  signification  of  the  word  mefhhis.  Scaliger,  in 
Ills  notes  on  Varro,  takes  it  for  an  Etruscan  word.  The 
ancient  Etruscans  used  the  Aramitish  langua^ ;  and  HSa) 
in  the  Syrian^  is  to  blo*w  or  breathe.  The  term  was  pro- 
bably thence  borrowed  to  denote  a  noxious  air.  Mefbitis 
was  applied  as  a  proper  name  to  Juno,  and  distinguished  her 
9s  the  diyitiifty  that  presided  over  stinks  and  poisofioos  exha- 
lations. Thus  the  heathens  had  their  sweet  and  their  stink- 
ing juno,  as  they  had  their  celestial  and  infernaLDiana. 

+  See  Addison^s  Works,  4to.  vol.  ii.  p.  80. 
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tbe  calcination  of  mctali,  in  which  opera- 
tion the  fife  expels  thit  native  sulphur,  of 
which  all  metals  partake  in  some  degrefe,  and 
•which  is  thef  vinculum  that  gives  coherence 
to  their  partsi:  Air  thus  impregnated  is  not 
inflammable,  but  is  become  totally  unfit  to 
support  either  burning  fuel,  or  the  life  of  an 
animal.  There  is  a  certain  chemistry  in  na- 
ture, by  means  of  which  air  thus  fouled  is 
purified  and  restored  to  its  natural  state,  of 
which  we  shall  see  more  hereafter. 

Depklogisticated  air  is  air  regenerated  in  a 
pure  state  without  any  mixture  of  the  phlo- 
giston, and  was  lately  found  by  Dr.  Priest- 
ley to  be  a  fluid  more  simple  than  the  best 
atmospherical  air.  It  was  observed  to  sus- 
tain the  life  of  an  animal,  in  a  close  vessel, 
four  or  five  times  longer  than  common  air. 
A  candle  also  burns  more  clear  and  bright  in 
it,  with  a  vivid  and  sparkling  flame:  it  is 
raised  by  fire  from  metals  that  have  been  cal- 
cined, especially  from  calcined  mercury  and 
red  precipitate;  and  being  thus  pu^^e  and 
wholesome,  though  produced  from  matter 
which  is  highly  poisonous^  it  cannot  be  sup- 
posed to  borrow  any  thing  from  the  subject 
This  air  is  called  dephlogisticated,  in  oppo- 
sition to  the  phlogisticated ;  but  new  air, 

which 
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iFhich  never  had  any  of  the  phlogiston^  caa 
scarcely  be  said  to  be  dephlogisticated. 

When  saltpetre  is  deflagrated  in  a  naked 
fire,  or  by  the  application  of  any  burning 
fuelj ,  the  air  which  comes  from  it  is  soiled 
with  phlogistic  vapour  ;  but  if  it  is  fired  by 
heating  in  a  clean  vessel,  it  yields  a  pure  air, 
like  that  from  the  calces.  The  same  pure 
air  is  sometimes  obtained  from  waters,  and 
arises  plentifully  from  growing  vegetables. 
In  shorj,  it  seems  to  be  pure  natural  air, 
without  the  adulterations  to  which  the  atmo- 
sphere is  subject ;  particularly  without  that 
adulterating  ingredient,  sulphur,  which  ap- 
pears under  so  many  different  forms,  and 
which,  as  we  have  reason  to  think,  lessens. 
the  salubrity  of  the,  air  wherever  it  is  found, 
especially  if  any  degree  of  putridity  is  com- 
bined with  it. 

No  reason  to  doubt  that  Air  is  a  real  Ele^ 
,  mentary  Substance. 

Experiments  on  airs  of  all  kinds  have  beeil' 
very  much  multiplied  of  late  years,  and 
multiplicity  is  apt  to  beget  confusion.  Hence 
a  sort  of  scepticism  hath  arisen  concerning 
the  element  of  air  itself,   which  seems  in  a 

manner 
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manner  to  have  been  sunk  and  lostin  acloud  of 
new  distinctions.  Sometimes  it  is  conjectured 
that  air  is  made  of  water,  sometimes  of  nitre, 
sometimes  of  earth.  When  it  is  regenerated 
from  ingredients,  none  of  which  seem  capa* 
ble  of  yielding  it,  the  very  existence  of  air 
as  an  element  has  been  brought  into  ques- 
tion. But  it  appears  from  experiment,  that 
fire  expands  and  sustains  another  substance 
grosser  than  itself,  which  no  process  can  pre- 
cipitate from  it.  This  substance  is  not  earth; 
for  that  element  is  not  volatile.  It  is  not 
fire ;  because  it  is  something  expanded  by 
fire,  and  which  counteracts,  by  its  pressure, 
the  motions  of  fire.  It  is  not  water;  be- 
cause, in  exhausting  a  receiver  of  its  air,  we 
leave  the  water  behind,  and  draw  out  some- 
thing else :  which  being  not  fire,  nor  earth, 
nor  water,  is  therefore  air,  properly  so  call- 
ed ;  the  element  by  which  we  live  and 
breathe  ;  a  simple  fluid,  with  an  etherial  na- 
ture proper  to  itself;  and  which,  though  it 
may  be  disguised  and  adulterated,  is  distinct 
from  all  temporary  vapours. 

That  there  should  be  some  difficulties  and 
misunderstandings  about  it,  is  scarcely  to 
be  wondered  at,  when  the  relation  between 
fife  and  air  has  never  yet  been  studied,  nor 

so 
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so  much  as  thought  of,  so  far  as  I  can  find, 
by  modem  experimenters,  who  apply  rather 
to  earth  and  to  water  than  to  fire,  to  account 
for  the  properties  and  transformations  of  air^ 
to  which  nothing  but  fire  can  be  adequate* 
We  shall,  I  hope,  obtain  seme  light  into 
this  affair,  as  we  proceed  to  consider  the 
provision  there  is  in  nature,  for  changing, 
purifying,  and  replacing  the  air  which  is 
either  consumed  or  spoiled  in  the  common 
course  of  things. 

Foul  Air^  how  purified. 

When  air  is  become  foul  by  the  accession 
of  any  offensive  fumes,  it  may  be  cleansed 
Kke  other  things,  by  washing  it  in  water.  If 
some  such  air  is  confined  in  a  vessel,  and 
agitated  together  with  pure  water,  it  will 
leave  its  foulness  behind,  and. by  degrees  be 
rendered  sweet  and  respirable.  Lime  water 
is  particularly  efficacious  in  i-estoring  to  pu- 
rity, air  which  is  infected  by  respiration*. 

Running 

*  This  may  be  owing  to  the  affinity  between  fixed  alka- 
lies and  sulphurs,  by  means  of  which  they  readily  unite. 
See  the  clii.  process  in  Boerhaave's  Chemistry.  Alkali 
purifies  metah  on  the  same  principle,  by  uniting  with  their 
sulphor. 
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Running  water  has  an  effect  upon  tht  foul 
air  which  is  contiguous  to  it,  and  renders  it 
more  wholesome.    They  that  work  below  the 
earth,  in  mines,  find  they  are  generally  sure 
of  having  a  pure  air  to  live  upon,  if  they  are 
but  neir  a  vein  of  water  that  can  be  turned 
into  the'  works.     AH  the  running  waters  of 
the  earth  have  the  salutary  effect  of  improv- 
ing the  constitution  of  the  lower  air:  the 
daily  motions  of  the  tides,  and  the  occasional 
agitations  of  winds  and  storms,  all  serve  to 
the  same  good  end,  by  washing  and  purify- 
ing the  air  that  is  contiguous  to  them,  and 
keeping  it  fit  for  the  support  of  animal  life ; 
and  the  breezes  from  the  sea  bring  the  air 
thus  washed  and  purified  to  the  land.     The 
rains  that  fall  contribute  to  the  same  effect; 
and  we  are  immediatelv  sensible  of  a  return- 
ing  freshness  and  vigour  to  the  air,  when 
it   is   washed  .  by  the   descent  of  a  shower 
through  it  after  a  time  of  drought.     So  ef- 
fectual is  rain  for  this  purpose,  that  the  most 
deadly  blast  which  traverses  the  desert,  and 
destroys  man  and  beast,   becomes  qualified 
and  harmless  if  a  shower  falls  across  it  in  its 
progress. 


Growing 
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Growing  Vegetables  purify  Air^ 

I'he  growth  of  vegetables,  both  by  land 
and  water,  has  likewise  a  wonderful  effect 
in  correcting  the  foulness  of  the  air ;  and 
this,  not  only  by  purifying  what  is  bad,  but 
by  yieldihg  a  store  of  new  matter  continually 
for  the  recruiting  of  the  atmosphere.  Dr. 
Priestley  found,  by  experiment,  that  plants 
thrive  surprisingly  in  a  putrid  air ;  and  the 
subject  was  enlarged  upon  with  great  judg- 
ment in  an  annual  oration  by  Sir  John  Prin- 
gle.  Hence  we  have  one  of  the  most  ele- 
gant discoveries  in  experimental  philosophy ; 
namely,  that  plants  and  animals  act  reci- 
procally on  air  for  each  other's  advantage : 
iTie  breath  of  animals  corrupts  the  air ;  the 
air  so  corrupted  becomes  more  nourishing  to 
plants:  and  the  respiration  observable  in 
plants,  is  the  reverse  of  that  in  animals; 
the  latter  take  in  pure  air,  and  send  it  out 
foul  and  phlogisticated ;  plants  take  in  this 
foul  air,  and  return  it  purified. 

It  has  now  been  farther  discovered  by  Dr. 
Ingenhouz,  that  plants  yield  a  pure  air  by 
jneans  of  the  sun's  rays  acting  upon  them. 
As  to  their  faculty  of  changing  impure  air 

VOL.  IX.  If  I  into 
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into  pure  by  a  process  in  their  vessels  aftef 
they  have  absorbed  it,  this  is  analogous  to 
their  faculty  of  elaborating  sweet  juices 
from  impure  earth  and  dung ;  whence  it  is 
reasonable  that  they  should  have  a  similar 
effect  on  foul  air. 

Sun  raises  a  pure  Air  from  Vegetables. 

Soon  after  the  sun  is  risen,  he  begins  to 
raise  this  pure  air  from  plants,  hj  which  the 
atmosphere  in  the  day-time  is  rendered  more 
wholesome  than  in  the  night ;  for  plants  in 
the  night,  or  in  the  shade,  have  a  contrary 
effect  upon  the  air ;  but  their  bad  effect  in 
the  night,  is  not  nearly  so  great  as  their  good 
effect  in  the  day.  It  is  remarkable  that  all 
flowers  whatsoever  hurt  the  air,  both  by  day 
and  by  night,  and  we  have  heard  of  those 
who  have  lost  their  lives  by  sleeping  with 
many  flowers  in  a  close  room. 

Water-plants  are  remarkably  vigorous  in 
this  faculty  of  yielding  pure  air,  to  correct 
the  inflammable  air  which  is  bred  by  the  soil 
jn  low  marshy  grounds :  whence  it  appears, 
that  such  places  produce  one  of  the  best  re- 
medies for  their  own  native  evils ^  and  thus 
<io  all  things  work  together  for  good, 

7  The 
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The  plant  of  the  Nasturtium  Indicufft,  in 
the  space  of  two  hours,  gives  out  mol-e  air 
than  equals  the  bulk  of  all  its  leaves  :  whai 
a  quantity  then  inusl  be  discharged  frOlA 
lofty  trees  in  a  day's  time !  and  how  utlhappjr 
in  all  respects  is  the  modern  practice  of  leav- 
ing dwelling-houses  so  naked  to  a  consider* 
able  distance,  and  destitute  of  plantation  ! 

It  is  to  be  observed,  that  the  act  of  vege- 
tation alone  is  not  sufficient  to  produce  this 
salutary  effect  upon  air  ;  it  is  vegetation  itl 
the  sunshine,  from  whence  this  good  is  to 
be  expected*.  Vegetation  in  a  cellar,  IrhefC 
the  sun  cannot  act,  produces  a  bad  air. 

Air  transmuted  from  Light  und  Pire^  rather 
than  from  Water. 

And  now  an  important  question  arises: 

whence  is  all  this  air  produced,  and  what 

is  it  made  of?  Is  it  first  absorbed  as  air,  aiid 

I  I  2  theii 

♦  I  have  «ften  wondered  why  a  leaf  shoirfd  be  cold  wEdh 
tfic  sun  has  been  shining  upkjn  it  in  a  hot  amnmer's  day  (ok 
«everal  hours  ^  tlxfreason  is,  that  (he  sun  is  continuallf  pfo^ 
dttcing  a  fresh  coH  air  koto,  all  its  pores.  Hence  it  is  that 
we  are  cooled  by  approaching  near  to  trees  and  shrubs,  on 
another  principle,  added  to  the  common  benefit  of  their 
shade. 
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then  discharged  again  as  better  air?  Thisi 
cannot  be  the  case ;  because  the  process  goes 
on  as  well,  if  not  better,  under  water ;  and 
this  under  such  water  as  has  no  air  of  its  own 
to  part  with.  When  a  glass  vessel,  which 
has  long  contained  water,  has  thereby  con- 
tracted a  gr^een  matter  at  the  bottom,  in 
which  there  is  some  slight  principle  of  vege- 
tation ;  this  green  matter,  when  the  sun 
shines  upon  it,  yields  pure  air  from  under 
the  water,  as  from  a  source  that  is  inexhaust- 
ible. *^  It  is  wonderful,'*  says  Dr,  Ingen- 
houz,  **  that  this  matter  seems  never  to  be 
^*  exhausted  of  yielding  dephlogisticated  air, 
*^  though  it  has  no  free  communication  with 
*  *  the  atmosphere  *. "  Ex  nihilo  nil  jit :  some- 
thing there  must  be  to  make  it  out  of;  and 
as  no  new  matter  has  access  to  make  any  al- 
teration but  the  rays  of  the  sun,  this  air  must 
be  elaborated  out  of  them  by  a  transmuta- 
tion. Here  I  differ  unwillingly  from  the  in- 
genious experimenter  above  mentioned.  The 
air,  he  allows,  is  not  in  the  leaves  out  of 
^hich  it  proceeds,  but  elaborated  /row  them 
by  a  sort  of  transmutation  ;  but  when  he 
proceeds  to  explain  himself  farther,  he  is  in- 
clined to  think  it  a  transmutation  from  xvaier. 

But 
*  See  his  Treatise^  p.  89. 
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But  it  may  be  from  light ;  if  the  question 
can  be  determined,  to  which  of  these  twoaix* 
is  more  nearly  allied,  whether  to  fire  or  to 
water?  And  it  will  soon  appear  which  of 
these  has  the  best  claim,  if  we  consider  what 
happens  to  the  calx  of  metals,  which  presents 
US  M'ith  a  similar  production  of  dephlogisti- 
cated  air.  When  a  metal  is  calcined  by  fire, 
either  culinary  or  solar,  it  increases  in  weight, 
though  it  apparently  loses  much  of  its  na- 
tive matter  by  evaporation.  The  calx  after- 
wards yields  a  pure  dephlogisticated  air. 
Therefore,  if  bodies  impregnated  with  light 
or  fire  are  afterwards  found  to  yield  air,  no 
inference  is  so  easy  and  natural  as  this,  that 
quiescent  fire,  attached  to'their  parts,  is  de- 
tached from  them  again  in  the  nexv  form  of 
elastic  air.  Here  water  can  have  no  share 
in  the  effect ;  and  if  not  in  this  case,  there 
is  no  occasion  to  suppose  it  in  the  other.  I , 
know  what  is  urged  in  favour  of  a  positive 
levitation,  and  of  air  absorbed  in  the  form  of 
air :  but  when  we  have  recourse  to  these 
principles,  we  avoid  a  more  easy  and  satis- 
factory solution,  for  the  sake  of  one  more  dif-^ 
ficultj  and  which  will  not  stand  tbe  test  of 
fxperiment. 

M  3  Air 
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Air  chiefly  infected  by  a  sulphureous 
Principle. 

From  this  experiment  upon  calces,  it  may 
l?e  collected,  that  a  sulphureous  principle, 
however  variously  modified  in  the  diiFerent 
5[orts  of  air,  is  the  principal  cause  of  its  in- 
salubrity. By  the  calcination  of  a  metal,  its 
native  sulphur  is  expelled  by  fire,  and  the  air 
which  it  yields  afterwards  is  a  pure  elemen- 
tary principle;  which,  as  it  comes  pure  even 
from  calces  that  are  highly  poisonous  in 
themselves,  cannot  be  supposed  to  derive  any 
thing  from  the  earthy  subject  out  of  which 
it  is  raised.  That  air  will,  therefore,  be  the 
most  agreeable  to  animal  life,  which  partakes 
least  of  sulphur;  for  sulphur,  and  all  the 
modifications  of  it,  (atleasttheflfenVjf/,J  from 
whatever  sources  they  may  arise,  whether 
from  minerals  under  the  earth,  from  marshy 
grounds,  or  smoking  chimnies,  is  noxious  to 
the  lungs,  and  will  generally  have  an  ill  ef- 
fect on  animal  respiration.  But  such  air 
will  forward  the  growth  of  vegetables ;  and 
this  is  one  reason  why  plants  are  large,  lively 
and  vigorous  in  and  about  the  air  of  great 
cities,  while  the  inhabitants  are  pale  and  un- 
healthy. 
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healthy.  The  great  luxuriancy  of  vegeta- 
tion on  the  lands  in  the  neighbourhood  of 
volcanos,  is  partly  imputed  to  a  sulphureous 
principle  abounding  in  such  places,  and  dis- 
seminated in  the  air.  And  this  luxuriancy 
of  vegetation  in  its  turn  assists  in  correcting 
that  fault  of  the  air  by  which  itself  is  pro* 
moted. 

Hence  it  becomes  more  easy  to  understand 
how  the  distemperature  of  the  air  was  pro* 
bably  prevented  in  the  former  and  purer  agc3 
of  the  world,  and  its  qualities  so  accommor 
dated  as  to  give  vigour  and  longevity  to  the 
human  constitution.  If  the  atmosphere  was 
more  free  from  sulphureous  exhalations,  less 
subject  to  putrefaction,  and  nearer  to  the 
condition  of  what  is  called  dephlogisticated 
air,  the  benefit  to  human  life  must  have  been 
considerable.  Some  learned  npien  have  con- 
jectured, from  the  phasnomena  of  electricity 
both  natural  and  artificial,  that  the  sulpha-^ 
r^ous  principle  predominates  in  nurture,  in 
these  latter  ages  of  the  world,  more  than  for-t 
merly.  It  may  be  difficult  to  decide  in  ^ 
matter  of  such  obscurity ;  but  the  subject 
seems  worthy  of  consideration. 
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manner  to  have  been  sutik  and  lost  in  acloud  of 
new  distinctions.  Sometimes  it  is  conjectured 
that  air  is  made  of  water,  sometimes  of  nitre, 
sometimes  of  earth.  When  it  is  regenerated 
from  ingredients,  none  of  which  seem  capa* 
ble  of  yielding  it,  the  very  existence  of  air 
as  an  dement  has  been  brought  into  ques- 
tion. But  it  appears  from  experiment,  that 
fire  expands  and  sustains  another  substance 
grosser  than  itself,  which  no  process  can  pre- 
cipitate from  it.  This  substance  is  not  earth; 
for  that  element  is  not  volatile.  It  is  not 
fire ;  because  it  is  something  expanded  by 
fire,  and  which  counteracts,  by  its  pressure, 
the  motions  of  fire.  It  is  not  water;  be- 
•cause,  in  exhausting  a  receiver  of  its  air,  we 
leave  the  water  behind,  and  draw  out  some- 
thing else :  which  being  not  fire,  nor  earth, 
nor  water,  is  therefore  air,  properly  so  call- 
ed ;  the  element  by  which  we  live  and 
breathe ;  a  simple  fluid,  with  an  etherial  na- 
ture proper  to  itself;  and  which,  though  it 
may  be  disguised  and  adulterated,  is  distinct 
from  all  temporary  vapours. 

That  there  should  be  some  difficulties  and 
misunderstandings  about  it,  is  scarcely  to 
be  wondered  at,  when  the  relation  between 
fife  and  air  has  never  yet  been  studied,  nor 

so 
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i^o  much  as  thought  of,  so  far  as  I  can  find, 
by  modern  experimenters,  who  apply  rather 
to  earth  and  to  water  than  to  fire,  to  account 
for  the  properties  and  transformations  of  air^ 
to  which  nothing  but  fke  can  be  adequate. 
We  shall,  I  hope,  obtain  some  light  into 
this  affair,  as  we  proceed  to  consider  the 
provision  there  is  in  nature,  for  changing, 
.  purifying,  and  replacing  the  air  which  is 
either  consumed  or  spoiled  in  the  common 
course  of  things. 

Foul  Airy  how  purified. 

When  air  is  become  foul  by  the  accession 
of  any  oflfensive  fumes,  it  may  be  cleansed 
Kke  other  things,  by  washing  it  in  water.  If 
some  such  air  is  confinecl  in  a  vessel,  and 
agitated  together  with  pure  water,  it  will 
leave  its  foulness  behind,  and. by  degrees  be 
rendered  sweet  and  respirable.  Lime  water 
is  particularly  efficacious  in  i-estoring  to  pu- 
rity, air  which  is  infected  by  respiration* 

Running 

*  This  may  be  owing  to  the  affinity  between  fixed  alka- 
lies and  sulphurs,  by  means  of  which  they  readily  unite. 
See  the  clii.  process  in  Boerhaave's  Chemistry.  Alkali 
purifies  metah  on  the  same  principle,  by  uniting  with  their 
sttlphor. 
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Running  water  has  an  effect  upon  the  foul 
air  which  is  oontiguous  to  it,  and  renders  it 
more  wholesome.    They  that  work  below  the 
earth,  in  mines,  find  they  are  generally  sure 
of  having  a  pure  air  to  live  upon,  if  they  are 
but  near  a  vein  of  water  that  can  be  turned 
into  the'  works.     AH  the  running  waters  of 
the  earth  have  the  salutary  effect  of  improv- 
ing the  constitution  of  the  lower  air :  the 
daily  motions  of  the  tides,  and  the  occasional 
agitations  of  winds  and  storms,  all  serve  to 
the  same  good  end,  by  washing  and  purify- 
ing the  air  that  is  contiguous  to  them^  and 
keeping  it  fit  for  the  support  of  animal  life ; 
and  the  breezes  from  the  sea  bring  the  air 
thus  washed  and  purified  to  the  land.     The 
rains  that  fall  contribute  to  the  same  effect ; 
and  we  are  immediately  sensible  of  a  return- 
ing freshness  and  vigour  to  the  air,  when 
it   is   washed  .  by  the   descent  of  a  shower 
through  it  after  a  time  of  drought.     So  ef- 
fectual is  rain  for  this  purpose,  that  the  most 
deadly  blast  which  traverses  the  desert,  and 
destroys  man  and  beast,   becomes  qualified 
and  harmless  if  a  shower  falls  across  it  in  its 
progress. 


Growing 
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Growing  Vegetables  purify  Am 

I'he  growth  of  vegetables,  both  by  land 
and  water,  has  likewise  a  wonderful  effect 
in  correcting  the  foulness  of  the  air ;  and 
this,  not  only  by  purifying  what  is  bad,  but 
by  yielding  a  store  of  new  matter  continually 
for  the  recruiting  of  the  atmosphere.  Dr. 
Priestley  found,  by  experiment,  that  plants 
thrive  surprisingly  in  a  putrid  air ;  and  the 
subject  was  enlarged  upon  with  great  judg- 
ment in  an  annual  oration  by  Sir  John  Prin- 
gle.  Hence  we  have  one  of  the  most  ele- 
gant discoveries  in  experimental  philosophy ; 
namely,  that  plants  and  animals  act  reci- 
procally on  air  for  each  other's  advantage : 
the  breath  of  animals  corrupts  the  air ;  the 
air  so  corrupted  becomes  more  nourishing  to 
plants:  and  the  respiration  observable  in 
plants,  is  the  reverse  of  that  in  animals; 
the  latter  take  in  pure  air,  and  send  it  out 
foul  and  phlogisticated ;  plants  take  in  this 
foul  air,  and  return  it  purified. 

it  has  now  been  farther  discovered  by  Dr. 
Ingenhouz,  that  plants  yield  a  pure  air  by 
jTieans  of  the  sun's  rays  acting  upon  them* 
As  to  their  faculty  of  changing  impure  air 

VOL.  IX.  41  into 


492  The  Philological 

did  Jly  upon  the  wings  of  the  wind:  The 
wings  of  an  eagle  are  also  said  to  be  given  to 
those  who  are  transported  or  conducted  any 
whither  by  the  divine  assistance:  thus  it  is 
said  of  the  people  miraculously  rescued  in 
their  flight  from  Pharaoh,  and  conducted 
over  the  Red  Sea,  Ye  have  seen  what  Tdid 
unto  the  Egyptians^  and  how  I  bare  you  on 
eaglets  zvingSy  aiid  brought  you  unto  myself. 
See  also  another  remarkable  passage  to  the 
same  purpose,  Rev.  xii.  14.  Whoever  con- 
3iders  the  physicaj  character  of  this  bird, 
and  its  sacred  appropriation  among  heathens 
and  believers,  will  be  pleased  with  the  pro- 
priety of  that  custom  which  is  still  retained 
amongst  us,  of  laying  the  Bible  in  our 
churches  upon  the  wings  of  an  eagle ;  for 
thus  the  bird  of  inspiration,  carrying  the 
book  of  inspiration,  is  employed  to  a  pur- 
pose more  honourable  and  salutary,  than 
when  it  was  supposed  to  be  carrying  thun- 
der through  the  air  for  the  use  of  Jupiter. 

The  mythological  relation  between  the 
eagle  and  the  air  may  perhaps  enable  us  to 
find  a  more  satisfactory  account  than  has 
yet  been  given  of  one  of  the  most  recondite 
fables  of  antiquity.  Prometheus  is  said  to 
Jiave  been  fastened  to  a  rock,  with  an  eaglq 

appointee]! 
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appointed  to  feed  upon  his  liver,  which  grows 
again  as  fast  as  it  is  devoured.  I  have  often 
suspected  that  this  part  of  the  fable  of  Pror 
metheus  has  a  physical  meaning,  and  ex- 
presses nothing  more  at  the  bottom  than  the 
natural  effects  of  air  and  fire  upon  one  ano- 
ther. Pronjetheus  is  fire ;  the  eagle  is  air  : 
the  liver  of  Prometheus  is  the  brightness  of 
fire,  thus  equivocally  expressed,  because  the 
word  *733  in  the  HebrcAv  and  Phoenician  had 
the  two  senses  o^  glory  and  a  liver.  The  im- 
mortal liver  of  Prometheus,  always  wasting 
and  always  growing,  expresses  the  undecay- 
ing  nature  of  fire,  which  the  air  is  constantly 
working  upon,  and  dissipating,  and  yet  the 
defect  is  as  constantly  supplied ;  the  more 
we  borrow  from  fire,  the  more  it  grows. 

There  is  one  more  circumstance  relating 
to  the  eagle,  which  I  look  upon  as  fabulous, 
and  think  it  must  be  accounted  for  nearly 
on  the  same  principle  as  the  former.  The 
eagle  is  said  to  have  a  practice  of  flying 
against  the  rising  sun,  and  of  trying  her 
young  brood,  by  conducting  them  upwards 
in  the  air  with  the  sun's  rays  in  their  eyes, 
in  order  to  put  the  goodness  of  their  nature 
to  the  test,  and  prove  whether  they  are  truly 
of  the  eagle  kind*  We  can  scarcely  sup- 
pose. 
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pose  this  to  be  literally  true :  and  therefore, 
it  was  rather  meant  as  a  mythological  signi- 
fication of  a  philosophical  doctrine;  that  the 
spirit  of  the  world,  signified  by  the  eagle,  is 
always  flying  toward  the  centre  of  the  system 
in  the  common  course  of  nature. 

If  we  leave  the  mythologists,  and  proceed 
to  the  scripture,  there  we  shall  find  the  wind 
frequently  alluded  to  as  an  emblem  of  the 
Divine  Spirit :  and  the  word  bein^  the  same 
for  both,  it  is  not  always  clear  which  of  them 
is  intended,  whether  the  Divine  Spirit  or 
the  natural ;  as  in  that  passage  of  the  sacred 
cosmogony,  where  the  Spirit  is  said  to  have 
moved  upon  the  face  of  the  waters.  Some 
commentators  take  one  side,  some  the  other, 
and  some  both ;  as  supposing  that  the  divine 
creative  power  acted  with  the  instrumentality 
of  the  air,  which  indeed  seems  to  be  .the 
most  reasonable  and  safest  opinion. 

The  reason  why  the  natural  air  is  alluded 
to  as  an  emblem  of  the  Divine  Spirit,  is 
plainly  this,  because  the  operations  and 
offices  of  the  one  are  analogous  to  those  of 
the  other.  The  air  supports  natural  life  and 
motion ;  it  refreshes  those  who  are  wearied 
with  the  burden  and  heat  of  the  day;  with 
reference  to    which,    the   scripture    speaks 

of 
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of  the  times  of  refreshing  from  the  presence 
of  the  Lord*^  which  shall  succeed  to  the  la- 
bours of  those  who  are  employed  in  his  ser- 
vice. The  air  also  gives  sound  and  utter- 
ance in  a  physical  sense,  as  the  Divine  Spirit 
gave  the  utterance  of  inspiration  on  the  day 
of  Pentecost;  and  therefore  his  presence  on 
that  occasion  was  announced  by  a  rushing 
mighty  wind  from  heavenf.  False  prophets, 
whose  inspiration  is  spurious  and  without 
effect,  are  said  to  have  the  figure  without 
the  substance:  Jer.  v.  13.  their  prophets 
shall  become  wind,  and  the  word  is  not  in 
them. 

The  same  idea  was  adopted  by  the  hea- 
thens; with  whom  the  infusion  of  prophecy, 
or  of  any  supernatural  influence,  was  always 
called  inspiration,  as  if  it  were  of  a  wind 
breathed  into  the  mind.  Persons  so  inspired 
were  said  to  be  qfflati  numine,  blown  upon 
by  the  Deity ;  and  sometimes  ifi/lati,  as  if 
they  were  swelled  and  inflated  with  the  in- 
fluence of  their  gods.  Homer  uses  the  word 
Bf^TTvsco  for  the  act  of  divine  inspiration;  and 

a  person 

*  Acts  ill.  19,  Tta/fOi  ayavf'yjfojcjj  the  times  of  refrige- 
ration. 

f  Acts  ii|  9. 
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a  person  endued  with  any  supernatural  power 
is  called  viTrvsDiiiv^  a  man  inspired*.  The 
agitations  of  Sibyls  and  Pythonesses  are  de- 
scribed by  the  poets,  as  proceeding  from  a 
sort  of  inflation ;  as  in  the  case  of'  Virgil's 
Sibyl. 

it       I   .  ■  pectus  anhelum, 

**  Et  rabie  fera  corda  turaent :  majorque  vkJeri 
**  Nee  mortale  sohans,  afflata  est  numine  quando 
*'  Jam  propiore  Dei  "— — .  JEn.  vi.  4U* 

Under  this  persuasion,  that  the  wind  was 
the  inspiring  cause,  the  heathen  augurs  and 
prophets  had  recourse  to  mystical  caverns  of 
the  earth,  and  subterraneous  spiraculaj  to 
catch  a  sort  of  divine  air;  which  coming  up- 
wards from  the  earth,  was  contrary  in  every 
sense  to  that  wind  which  on  the  day  of  Pen- 
tecost came  down  from  heaven :  thus  we 
read  in  the  sixth  book  of  Virgil's  -^neid, 

€( Horrendseque  procul  secreta  Sibyllae 

*^  Antrum  immane  petit " « — 

And  agaift, 

**  Excisum  Euboicae  latus  ingens  rupis  in  antrum.*' 

^n.  vi,  10.  42. 

But  no-  example  of  this  kind  is  more  to 
our  present  purpose,  than  Justin's  description 
of  the  famous  temple  at  Delphi ;  w^iere  the 

priestess 

•   Vid.  II.   O.  Co.    K.  48C.   r^  148. 
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priestess  of  Apollo  gave  oracular  answers* 
This  ^mple  was  placed  on  a  rock  surrounded 
with  precipices.  The  highest  part  of  it  was 
hollow  like  an  amphitheatre,  in  which  the 
sound  of  the  voice,  or  a  trumpet,  was  won- 
derfully increased  and  multiplied.  About 
half  way  up  the  mountain,  where  tlie  ground 
was  flat,  there  was  a  deep  chasm  in  the  rock, 
out  of  which  there  issued  a  cold  spirit,  which 
went  up  aloft  as  a  strong  wind ;  and  by  this 
the  prophets,  when  inspired,  were  put  out  of 
their  wits,  and,  being  filled  with  the  deity, 
were  compelled  to  give  answers  to  those  who 
consulted  them*.  Pliny  makes  mention  of 
this  wonderful  chasm  at  Delphi,  and  admits 
the  extraordinary  circumstance,  that  the 
priests  were  infatuated  with  the  exhalation 
when  they  uttered  their  predictions  f.  I 
think  it  not  improbable  that  the  residence  of 
^  ,Cumsean  Sibyl  was  by  the  Mephitic  ca- 
VOL.  IX.  K  K  vem 

*  lo  hoc  rupis  anfractu^  medii  fere  montis  altitudinei 
^Uuiities  exigua  est,  atque  in  ea  profundum  terr«  foramen^ 
quod  in  oracula  patet :  ex  quo  frigidus  spiritus,  vi  quadanl 
velut  vento  in  sublijpe  expulsus,  montes  vatum  in  vecordiam 
vertit,  impletasque  Deo,  responsa  consulentibus  dare  cogit. 

f  Alibi  fatidici  spectts,  quorum  exhalatione  tremulenti 
(falsely  for  temulentlj  futura  prascinunt ;  ut  Delphisj  no* 
bilissimo  oraculo.    PUn,  lib.  iit  a\p»9d* 
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vern  of  the  Grotto  del  Cani  in  the  neigh- 
bourhood of  Naples,  or  some  other  of  the 
like  qviality.  That  it  was  a  cavern  in  a  rock 
is  plain  from  Virgil's  description  of  it. 

To  us  who  live  in  the  latter  ages  of  the 
world,   and  have   an  opportunity   of  com- 
paring our  modern  heathens  with  tlife  hea- 
thens of  antiquity,  the  inconsistency  of  error 
is  very  notorious,  and  ought  to  be  seriously 
considered.    In  the  days  of  Homer,  nothing 
was  to  be  heard  of  but  consultations  with 
the  deity ;  no  step  was  to  be  taken  in  any 
great  affair  without  auguries,  oracles^  sacri- 
fices, and  prophetic  dreams*:  every  notable 
action  was  imputed  to  the  presence  of  some 
divine  assistance;  and  even  human  wisdom 
and  prudence  ascribed  their  superiority  and 
success  to  open  or  secret  inspiration.     This 
was  the  fashion  with  the  wisest  nations,  in 
those  days,  when  the  true  God  was  more 
conversant  with  men,  and  gave  answers:  to 
jhis  people  by  priests  and  prophets.     They 
that  had  apostatised  from  the  true  religion 
never  thought  of  denying  the  fact  of  inspi- 
ration':   they  attempted  to  exceed   it,   and 
drown  the  fame  of  it,  by  making  a  greater 
'  w  figure 

*  AAA'  ouya  is  tivx  f^a^liv  e^bioij.sv,  tj  isfYfX 
^       H  Tixi  Qyei^OTtQhQv  ()C6M  yap  r'ovoi^  at  1^05*  s^iv)  II.  i.  62. 
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figure  with  other  miracles  and  inspirations 
of  their  own ;  and  their  histories  and  com- 
positions of  every  kind  abound  with  them. 
But  now  the  age  of  inspiration  and  miracles 
is  past;  the  adversaries  have  changed  their 
ground :  human  reason,  which  of  old  could 
do  nothing  without  divination,  is  now  suffi- 
cient of  itself  for  every  thing.  Instead  of 
applying  to  the  Deity  for  wisdom  and  in- 
formation, a  new  philosophy  instructs  us, 
that  every  man  has  an  oracle  in  his  own 
breast,  and  that  natural  reason  will  answer 
all  the  purposes  of  revelation.  Thus  does 
the  fashion  alter  with  times  and  occasions  : 
error  changes  its  posture,  but  is  no  nearer  jtq 
truth  than  it  was  before.  The  new  philoso- 
pher, who  looks  with  pity  upon  the  heathen 
conjurors,  his  predecessors,  is  the  slave  of 
delusion  in  another  shape;  and  he  that  now 
writes  against  the  possibility  of  miracles, 
and  mocks  at  all  pretensions  to  inspiration, 
because  he  has  no  taste  for  the  religion  which 
God  hath  revealed,  would  have  sucked  in 
the  intoxicating  wind  of  Delphi,  and  em- 
ployed his  parts  in  studying  the  flight  of 
crows  or  the  pecking  of  chickens,  if  h^  had 
lived  in  the  proper  age  of  the  world. 

Something  farther  should  be  said  here  co#- 
K  K  2  cerning 
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cerning  Pythonic  inspiration,  as  related  to 
the  M^orship  of  the  serpent ;  a  species  of  ido- 
latry very  common  among  the  heathens,  and 
in  appearance  the  most  shocking  and  unac- 
countable of  any.  It  certainly  prevailed  in 
Egypt,  at  Hicrapolis,  in  most  of  the  nations 
of  Europe,  and  in  the  East  and  West  Indies, 
a  large  dragon  having  been  discovered  by 
the  Europeans  in  a  temple  at  Mexico.  The 
name  Python  is  used  for  a  serpent,  to  which 
Ovid  adds  the  epithet  of  tumidus  Python,  the 
swelling  serpent  *.  The  spirit  of  divination, 
spoken  of  Acts  xvi.  16.  is  called  tryfv^a 
Tsrvdc^vO^,  a  spirit  of  Python  ;  which,  in  the 
Hebrew  of  the  Old  Testament,  is  called 
D1K  ^^?  ^^d  translated  a  diviner,  from  the 
persons  so  inspired  being  swoln  in  the  belly 
like  leathern  bottles  blown  up  with  wind,  or 
a  carcase  inflated  with  putrefaction  :  which 
idea  is  also  comprehended  under  the  verb 
wv6c»}j  whence  the  Latin  puteo,  to  stink  or 
puirify.  From  the  Hebrew  ob,  the  Greek 
i(pig  was  probably  derived ;  for  we  find  the 

lik« 

*  Te  quoque,  maxime  Python, 


Turn  genuit,  populisque  novis,  incognite  serpens, 

Terror  eras 

,  \         ♦      Stravimus  innumcris  tumidum  Pythona  sagittis. 

"'»  .  "^  OyW,  Met,  lib.  i,  438,  4^0* 
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like  affinity  between  tlie  senses  of  the  word 
tfi^njj  nahashy  a  serpent,  which  also  signifies 
divination  and  prophecy ;  as  if  the  Serpent 
were  recognized  as  the  grand  inspirer  of  the 
Tieathen  prophets.  In  Leigh's  Critica  .Sacra, 
the  words  31K  ^^^^  HISIK  ^^^  ^^^^  explain- 
ed by  that  .learned  interpreter  :  ^'  litres,  la- 
**genaB,  quibus  vinum  continetur,  deporta- 
^' tur,  aut  asservatur :  semel  reperitur  in  . 
'*  scripturA,  Job  xxxii.  I9.  Inde  videtur 
*^  dici  )31K  Pytho,  quod  obsessi,  velut  utres 
^*  inflati  turgescant,  etspiritus  immune! us  ex 
**  illorum  ventre,  de  prseteritis,  prnesentibus 
*^  et  futuris  interrogatus  respondeat.  Unde 
*'  etiam  eyrag-^t/jLvQoi  ventriloqui^  dicuntiir." 
Origen,  and  other  Christian  Avriters,  objected 
to  their  heathen  adversaries,  as  a  known  fact, 
the  horrid  mode  in  \diich  the  priestesses  of 
Horus  Pythius,  or  the  Delphic  Apollo,  re- 
ceived their  inspirations — *'  Ori  Pythii  spe- 
*'  cus  insidens,  quam  vocant  prophetideni,. 
*^  per  muliebria  recipiebat  spiritum  Apoliinis 
*'  fatidicum  *."  The  Pytlioncsses  are  said  to 
have  been  delivered  of  their  oracles  after  the 
«ame  form,  and  were  therefore  called  gyW- 
T^if^vdoif  because  they  seemed  to  speak  from 

their 

♦  Orig,  contr,  Ccls.  lib,  iii. 
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their  bowels ;  and  for  the  conception  of  this 
hypogastric  inspiration,  they  used  to  sitiipon 
a  tripod^  which  was  a  mystical  stool  with 
three  feet ;  or  over  a  hole  of  the  earth  in  one 
of  their  consecrated  caverns,  and  so  became 
inflated  with  the  spirit  of  the  Python.  Cae- 
lius  Rhodiginus,  in  his  Lectiones  Antiquse, 
which  contain  a  large  and  curious  collection 
of  the  more  recondite  articles  of  ancient  li- 
terature, declares  that  h?  once  met  with  a 
ventriloquist,  to  whose  faculty  of  speaking 
from  the  lower  regions  of  the  body,  he  was 
an  eye  and  ear-witness,  in  company  with 
many  other  people.  As  the  age  of  Pytho- 
nism  had  certainly  expired  before  he  wrote, 
the  account  has  too  much  of  the  marvellous 
to  be  credited  in  all  its  circumstances. 

"  It  would  be  a  noble  undertaking,"  says 
Mr.  Bryant,  '^  and  very  edifying  in  its  con- 
*' sequences,  if  some  person  of  true  learn- 
^'  ing,  and  a  deep  insight  into  antiquity, 
*^  would  go  through  with  the  history  of  the 
**  serpent  *."  No  person  of  this  age  is  bet- 
ter qualified  for  such  an  undertaking  than 
the  author  of  this  observation,  who  has  al- 
ready given  much  light  into  the  subject.  I 
have  one  hint  to  offer,  which,    if  it  is  Mell 

founded, 
♦  Vol.  i.  p,  490. 
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founded,  might  be  of  use  in  such  an  inquiry ; 
that  the  serpent,  which  with  heathen  mytho- 
logists  had  various  acceptations,  was  also 
understood  as  a  natural  symbol  or  hierogly- 
phic of  the  air.  The  Dragon,  which  is  said 
to  have  been  the  associate  of  Bel,  or  Belus, 
(the  same  with  the  Jupiter  of  the  Romans,) 
had  probably  this  meaning  as  an  idol,  either 
from  the  serpentine  motion  of  the  ait,  or 
some  other  physical  properties  which  will 
•dmit  of  a  like  accommodation.  The  air 
was  undoubtedly  worshipped  under  the  name 
of  Jupiter ;  and  the  form  of  a  serpent  was 
judged  consistent  with  his  character,  as  ap- 
pears from  the  story  which  Plutarch  has  re- 
lated of  Alexander's  mother,  that  Jupiter 
Ammon,  in  the  form  of  a  serpent,  was  de- 
clared by  the  oracle  at  Delphi  to  ha,ve  been 
the  real  father  of  that  hero  *.  They  who  give 
a  philosophical  turn  to  the  heathen  fables, 
(which,  under  proper  restriction,  is  not  done 
without  good  reason,)  suppose  that  the  fable 
of  Apollo,  destroying  the  serpent  Python 
with  innumerable  arrows,  was  intended  to 
signify  figu^'ativQly  the  power  of  the  sun's 
rays  in  subduing  and  correcting  the  poison- 
ous  ail'  and  vapour  which  arose  from  the 

earth 
•  See  Pburckin  Vit-  AlexancUi, 
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earth,  after  the  deluge.  -The  Scripture  has  a 
passage  where  the  serpent  seems  to  be  spoken 
of  in  the  like  sense  as  a  symbol :  ''Job  xxvi. 
1 3.  By  his  spirit  he  hath  garnished  the  hea* 
vensy  and  his  hands  have  formed  the  flying 
serpent.  If  the  latter  member  of  this  verse 
is  exegetical  of  th«  former,  which  is  very 
usual  in  the  sacred  writings,  then  the  serpent 
is  here  synonymous  either  with  the  spirit  or 
the  heavens :  and  if  so,  this  might  lead  to 
some  farther  discovery  concerning  the  figu- 
rative relation  between  the  serpent  and  the 
elements^  if  the  proper  materials  were  at  hand. 
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